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Preface 


In the 5 years since our second edition was published, there have been many advances in the genetics, 
etiology, pathogenesis, and treatment of medical renal diseases. These advances have led to a therapeu 
tic focus on a more specific and personalized approach and, in turn, farther emphasized the impor- 
tance and central role of the renal biopsy in patient management, We have taken these factors into 
consideration in organizing and adding new material for the third edition of this renal pathology text- 
book. The organization of this edition follows that of the previous editions, with each of the sections 
being expanded and updated to include new classifications of various kidney diseases, both native 
and transplant related. In addition, we have added new chapters. First, we have added an integrative 
approach to analyzing the findings observed in the kidney biopsy, integrating light microscopy with 
{immunofluorescence and electron microscopy findings, The approach is illustrated as algorithms and 
Venn diagrams, which together show pathways to diagnoses and the overlap observed for selected 
morphologic lesions. We have also added a section on endemic nephropathies, an important world 
wide challenge. Improved detection and specific diagnosis will be important to begin to identify the 
common and varying underlying etiologies of this group of diseases. Sections on genetics, etiology, 
and pathogenesis have also been expanded. References have been updated and continue to be focused, 
rather than encyclopedic, with emphasis on classic and most recent literature on each subject. 

Because this is primarily an atlas, we have added numerous new images. These include illustrations 
of additional entities and expanded illustrations of the spectrum of lesions present in diseases already 
{included in the previous edition and updated differential diagnosis and key diagnostic features tables 
for each section, A new feature in the online version is the use of overlays to decode selected electron. 
microscopic images to enhance understanding of the components of the lesions, Together with the 
‘numerous images and focused text, this atlas thus provides in-depth and detailed illustrations of a 
large spectrum of morphologic lesions encountered in the renal biopsy and an approach to differential 
diagnosis and key prognostic, pathogenetic, and etiologic information, 
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Approach to Diagnosis of 
the Kidney Biopsy 


“The approach to diagnosing disease in renal biopsy specimens requires information from several dif- 
ferent sources to be integrated into a single interpretation: The sources include the clinical data, and 
‘examination by light microscopy, immuohistology and electron microscopy: Each of the sources has 
several individual variables that must be ether included or dismissed in the final evaluation. George 
Boole in his books The Mathematical Analysis of Logic (1847) and An Investigation of the Laws of 
Thought (1854) introduced a branch of algebra in which the values of the variables are the truth val- 

ues true and false, usually denoted 1 and 0, respectively, the basis of our current digital world. This 
expanded the range of applications that сап be handled from propositions having only two potential 
values to those having many. Thus in many ways, the complex analysis of the renal biopsy finding 
leading toa diagnosis can be viewed as an exercise in Boolean logic. 

From the clinical and laboratory data, a decision must be made whether the disease process is acute 
or chronic; whether it is tubular or interstitial disease, vascular disease or glomerular disease, or a com- 
bination of any ofthese. Ifthereare glomerular lesions, are they proliferative, necrotizing or sclerosing? 
1f there is no proliferation, we must determine by immunolluorescence whether immunoglobulins 
andlor complement deposits are present or not. If no immunoglobulins or complement deposits аге 
seen, we must determine by electron microscopy whether podocytes are extensively effaced or not. At 
each step we make true or false decision and form a lattice (le, algorithm or schema, Figs. 1.1-1.4) to 
marrow our diagnostic choices, Alternatively, sets of decisions are made with the variables of each of 
the biopsy sources of information (ie, light microscopy, immunohistology, and electron microscopy) 
forming separate overlapping Boolean logic circles (Figs. 1.5 and 1.6). Finally each of the lattices or 
circles can be superimposed and their intersections used to arrive at a final interpretation or diagnosis. 

For glomerular diseases the pattern of injury by light microscopy should be specified (Table 1.1), 
for example, mesangial versus endocapillary hypercellularity, or necrosis, crescents, ог sclerosis, not- 
ing that mixed patterns of glomerular injury often coexist. If immunoglobulins are present, the local 
ization and pattern of deposition, for example, peripheral capillary, mesangial, or both (Table 12), 
should be noted, On ultrastructural examination, changes should be noted in each of the cell types, for 
example, podocytes, endothelial cells, and mesangial cells, аз well as the basement membranes, mesan- 
gial matrix, and tubulointerstitium (Table 1.3), The final diagnosis is made based on the presence ог 
absence ofa convergence ofall of these findings. 

If the process predominantly involves the tubulointerstitium (Table 1.4), we must determine 
whether the process is acute or chronic. Disproportionate increase in interstitial inflammatory cells 
indicates a tubulointersttial nephritis, with edema in acute interstitial nephritis and fibrosis and atro- 
phy oftubules in chronic interstitial nephritis. Possible specific underlying etiologies are then assessed; 
for example, assessing for monoclonal light chain casts, viral inclusions, or evidence of deposits. 

 Arteriosclerosis with intimal and medial thickening of arteries is typical in any chronic kidney dis- 
case, but vascular lesions may also be the primary abnormality underlying renal dysfunction. Throm- 
bosis, necrosis, vasculitis, and cholesterol emboli are examples of specific vascular lesions associated 
with specific diagnoses (Table 1.5). 

Systematic assessment of each of these anatomic compartments, and integration of each modality 
of tissue examination with the clinical history then allows a specific diagnosis to be made. Ideally, a 
disease entity/pathogenic type (if disease entity is not known) is diagnosed. Lastly, specifie scoring 
gradingíclasification may be applied to arrive at a complete clinicopathologic diagnosis, driven by a 
logical pathogenic etiologic approach, 
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FIG. 1.1 Algorithmic approach when glomeruli appear normal by light microscopy (LM). Depending 
оп the cinical setting, whether isolated hematuria or with nephrotic proteinuria, and whether 
immune deposits are present or not by immunofluorescence (lf green boxes) varying diseases are 
included in the differential. These possibilities are then assessed further by electron microscopy. FSGS, 
Focal segmental glomerulosclerosis; GBM, glomerular basement membranes; IAN, IgA nephropathy; 
MCD, minimal change disease; MN, membranous nephropathy. 


"Gemeniar 
crescents 
{ Ў Y 
EEZEKEES 
Linear laê Negative IF D 
| Y | 
Fai. GER Paummun | [Various immune 
disease масне GN complex GNS 


FIG. 1.2 Algorithmic approach when glomeruli show crescents by light microscopy. Depending on 
whether immune staining is present or not by immunotluorescence (Е green boxes), and whether it is 
linear along glomerular basement membranes (GBM) or granular, varying diseases are included in the 
differential. GN, Glomerulonephriti. 
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FIG. 1.3 Algorithmic approach when glomeruli show double contours of the glomerular basement 
membranes (GBM) by light microscopy Depending on whether immune deposits are present ог not 
by immunofluorescence (Е green boxes), and specific location of deposits by electron microscopy, 
immune complex diseases or chronic endothelial injury (chronic thrombotic microangiopathy, TMA) 
are diagnosed. LA, Lamina rara interna; MN, membranous nephropathy. 
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FIG. 1.4 Algorithmic approach when glomeruli show endocapillay roliferation/hypercellularity by 
light microscopy. Depending on the type and possible clonality of deposits by immunofluorescence. 
(Е green boxes), varying diseases are included in the differential. Electron microscopy differentiates 
organized versus nonorganized deposits. In the case of C3 dominant deposits, electron microscopic 
findings contribute to the final diagnosis. DD, Dense deposits; GN, glomerulonephrits;ICGN, immune 
complex glomeruianephritis 
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FIG. 1.5 Boolean circle analysis of glomerular lesions with IgA. The contribution of information 
from each of the techniques, that is, fight microscopy, immunofluorescence microscopy, and electron. 
microscopy, overlap to give the differential diagnosis by adding additional variables. HS purpura 
Henoch-Schónlein purpura, aka IgA vasculitis. 
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FIG. 1.6 Boolean circle analysis of tubular interstitial lesions. The contribution of information from 
different microscopic parameters, that is, interstitial edema or fibrosis, epithelial integrity, presence 
ог absence of interstitial infiltrate, and vascular integrity, overlap to give the differential diagnosis by 
adding or deleting each of the possible variables, 
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APPROACH TO DIAGNOSIS OF THE KIDNEY BIOPSY 


[ TABLE 1.1 | Light Microscopic Findings 


Glomerular findings 


Distributional descriptors 


Focal 
Diffuse 

Segmental 

Global 

Lobular (hypersegmented) 


Nodular 
Membranoproliferative 


Mesangium 


Involving <50% of glomeruli 

Involving 50% or mare of glomeruli 

Involving part of a glomerular tuft 

involving all of a glomerular tuft 

Appearance due to endocapillary hypercellularity and 
consolidation af segments 

Relatively acellular, round areas of mesangial matrix 
expansion 

Combined capillary wall thickening with double contours 
and mesangial or endocapillary hypercellularity 

Stalk region of capillary loop with mesangial cells 
surrounded by matrix. 


Lesional descriptors 


Membranous thickening 
Wire loop 


татаас 


Mesangial hypercellularity. 
Endocapillary hypercellularity 


Extracapillary hypercelluarity (crescents) 
Sclerosis (focal and/or segmental) 


Necrosis 
Mesangiolysis 


Hyaline 


Global thickening of peripheral capillary walls with spikes 

Thick, rigid appearance of capillary loop due to massive 
subendothelial deposits 

Double contour of glomerular basement due to deposits 
andlor circumferential interposition 

Four or more nuclei in a peripheral mesangial segment. 

Increased cellularity internal to the GBM composed of 
leukocytes, endothelial cells, and/or mesangial cells 

Increased cellularity in Bowman's space 

Increased extracellular matrix expanding the mesangium 
and obliterating capillary lumens 

Destruction of cells and matrix with deposition of fibrin 

Loss of mesangial architecture with lysis of mesangial 
matrix and loss of mesangial cells 

Glassy eosinophilic extracellular material 


бам, Glomerular basement membrane, 


Distributional descriptors for immune proteins, complement components, and fibrinogen (99, IgA, 
IgM, Kappa, Lambda, C3, Cla, C4d, Fibrinogen) 


Diffuse peripheral capillary wall 
Focal peripheral capillary wall. 
Mesangial 

Peritubular 

interstitial capillary 


Fluorescent patterns 


Unear 
Finely granular. 
Coarsely granular 


CHAPTER 1 APPROACH TO DIAGNOSIS OF THE KIDNEY BIOPSY 


Electron Microscopic Findings 
Capillary loops Patent, collapsed, mesangial interposition, thrombosed 
Basement membranes Normal, thickened, attenuated, laminated, duplicated 
Podocytes Focal, segmental or global effacement, sclerotic 
Endothelial cells Fenestrations preserved, swollen, reticular inclusions 

Endothelitis, lumenal leukocytes 
Mesangial cells Mild or marked increase, lysis 
Mesangial matrix Mild or marked increase, nodular, Kimmelstiel Wilson nodules 


Electron-opaque deposits Dense, organized, granular, fibrillar, “finger print” 
Subepithelial andor intramembranous (*humps" 
Subendothelial (occasional, numerous, paramesangial) 
Mesangial (occasional, abundant) 

Tubules ‘Swollen, vacuolated, apical blebbing, apoptotic, necrosis, mitochondrial 
changes, epithelial detachment, deposits (powdery or dense), viral 
inclusions, crystals 

interstitium. Increased collagen, leukocytes, peritubular capillary multilaminated 
basement membranes, crystals 


TABLE 1.4 | Tubulointerstitial Findings 


Fibrosis Focal, diffuse, striped, percentage of sample involved 
Edema Focal, diffuse 

Interstitial infiltrate Neutrophils, eosinophils, lymphocytes, plasma cells, macrophages 

Tubules Dilated lumens, cell swelling, apical blebbing, vacuolization, flattening, cell 


detachment, mitosis, hyaline droplets, tubular debris atrophy, casts 


Arteries Medial thickening, medial necrosis, mucinous degeneration, intimal proliferation, 
neutrophil infiltration, atheroemboli elastin duplication 

Arterioles intimal and medial hyalinosis, medial hyperplasia, fibrinoid necrosis, thrombosis, 
endothelitis 


We will elucidate he specific lesions characteristic of a range of common kidney diseases, di 
cussed in the context of primary anatomic site of injury; that s, glomerular, vascular, and tubulointer- 
stitial compartment. The glomerular diseases are best approached as either prima 

to systemic disease, and by integrating with common clinical presentation; that i, nephrotic versus 
nephritie syndrome versus rapidly progressive glomerulonephritis. We will also discus lesions in the 
transplant kidney, and cystic and neoplastic diseases, 


yor those secondary 


Selected Reading 

Sethi, S., Haas, M., Markowitz, G.S, etal, 2016, Mayo Cliic/Renal Pathology Society consensus repart on 
pathologic classification, diagnosis and reporting of GN. Journal of the American Society of Nephrol- 
ogy 27, 1278-1287 


Normal Growth and 
Maturation 


‘The normal glomerulus consists of a complex branching network of capillaries originating at the affer- 
ent arteriole and draining into the efferent arteriole (Figs. 21-23), The glomerulus contains three 
resident cell types: mesangial, endothelial, and epithelial The visceral epithelial cells (also called podo- 
cytes) cover the urinary surface of the glomerular basement membrane (GBM) with foot processes, 
with intervening slit diaphragms. Endothelial cells are opposed to the inner surface of the GBM and 
are fenestrated (Pigs. 24 and 25), At the stalk of the capillary, the endothelial cell is separated from the 
‘mesangial cells by the intervening mesangial matrix. The term endocapillary is used to describe hyper- 
cellularity/proliferation filling up the capillary lumen, contributed to by increased mesangial, endothe- 
lial, and infiltrating inflammatory cells. In contrast, extracapllary proliferation refers to proliferation 
of the parietal epithelial cells that line Bowman's capsule. Specific lesions are described according to 


FIG. 2.1 In the normal glomerulus, the capillary loops are open, the mesangial areas have no more. 
‘than three nuclei each, and foot processes are intact, without any deposits or proliferation. 
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FIG. 22 The normal glomerulus has thin, delicate glomerular basement membranes, three or fewer. 
mesangial cell nuclei per mesangial area, and is surrounded by Bowman's capsule. The adjacent 
tubules show a thin, delicate tubular basement membrane without lamellation or surrounding. 
interstitial fibrosis. The vascular pole shows surrounding extraglomerular mesangial cells. The apparent 
mesangial cellularity of the glomerulus is highly dependent on the thickness of the section, and it is 
recommended that renal biopsies be cut at 2 um thickness. This plastic embedded section is cut at 1 wm 
(ones silver stain, 4400). 


FIG. 2.3 This paraffin-embedded 2-um section illustrates а normal glomerulus with normal vascular 
pole with minimal periglomerular interstitial fibrosis and surrounding intact tubules. Mesangial 
cellularity and matrix are within normal limits (Jones silver stain, 400). 
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FIG. 2.4 The normal glomerular basement membrane in the adult is approximately 325-375 nm 


ness. Overlying podocytes show intact foot processes with minimal effacement in this сазе. 
The mesangial matrix surrounds mesangial cells without expansion or hypercellularity. Endothelial 
cells show normal fenestration, The parietal cells lining Bowman's capsule are flat and squamous in 
appearance (transmission electron microscopy, 1500) 


their distribution as being segmental versus global, or diffuse versus focal, Specialized terminology is 
also used to describe the specifie lesions. A list of commonly used terms and their definitions is pro- 
vided in Table 2.1, 

"The mesangial cell is a contractile cell that lies embedded in the mesangial matrix in the stall 
region of the capillary loops, attached to anchor sites at the ends of the loop by thin extensions ofits 
cytoplasm. Normally up to three mesangial cll nuclei are present per mesangial area. The GBM con- 
sists of three layers distinguished by electron microscopy, the central broadest lamina densa and the. 
less electron-dense zones of lamina rara externa and interna (sce Figs. 2А and 25) 

"The glomerulus is surrounded by Bowman capsule, which is lined by parietal epithelial cell 
‘These are continuous with the proximal tubule, identifiable by its periodic acid Schiff (PAS)- positive. 
brush border. The efferent and afferent arterioles can be distinguished morphologically in favorably 
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FIG. 25 This glomerulus shows only minimal abnormalities by electron microscopy with rare vacuoles 
and blebs in the podocytes. The foot processes are largely intact. The glomerular basement membrane 
is of normal thickness. Red blood cell and rare platelet fragments are found within capillary lumina. 
The mesangial areas show mesangial cells surrounded by matrix (transmission electron microscopy, 
+3000), 


oriented sections or by tracing their origins on serial sections. Segmental, interlobular, and arcuate 
arteries may also be present in the renal biopsy specimen. The cortical biopsy also allows assessment 
of the tubules and interstitium. Proximal tubules are readily identified by their PAS-positive brush 
border, lacking in the distal tubules. Collecting ducts show cuboidal, cobblestone-like epithelium. The 
medulla, and even the urothelium of the calyx, may also be included in the biopsy. 

During fetal maturation, the glomerular capillary tufts have a simple branching pattern with small 
capillary lumina and are covered by large, cuboidal, darkly staining epithelial cells (Figs. 2.6-2.8). The 
cells lining Bowman space undergo change from initial tall columnar to cuboidal to flattened epi- 
thelial cells, except for those located at the opening of the proximal tubule, where cells remain taller. 
Immature nephrons may occasionally be seen in the superficial cortex of children up to 1 year of age 


Definitions of Common Terms to Describe Morphological Lesions 


Tight Microscopy 


Focal Involving some glomeruli 

Diffuse Involving all glomeruli 

Segmental Involving part of glomerular tuft 

Global Involving total glomerular tuft 

Lobular Simplified, lobular appearance of capillary loop architecture due to endocapillary proliferation (defined below) (seen 
in, eg, MPGN) 

Nodular Relatively acellular areas of mesangial matrix expansion (seen in, eg, diabetic nephropathy) 

Glomerular sclerosis Obliteration of capillary loop and increased matrix 

Crescent Proliferation of parietal epithelial cells 

Spikes Projections of GBM intervening between subepithelial inmune deposits (seen in, eg, membranous nephropathy) 


Endocapillary proliferation Proliferation of mesangial and/or endothelial cells and infiltrating inflammatory cells, filling up and distending 
capillary lumens (seen in, eg, proliferative lupus nephritis) 


Hyaline Descriptive of glassy, smooth-appearing material 
Hyalinosis Hyaline-appearing insudation of plasma proteins (seen in, eg, focal segmental glomeruloscerosi) 
Mesangial area Stalk region of capillary loop with mesangial cells surrounded by matrix g 
subepithelial Between podocyte and GEM i 
Subendothelial Between endothelial cell and GBM т 
Tram-track Double contour of glomerular basement due to deposits andor circumferential interposition (see EM definitions below) [® 
Wire loop Thick, rigid appearance of capillary loop due to massive subendothelial deposits E 
Activity Description encompassing possible treatment-sensitive lesions, eg, extent of cellular crescents, cellular infiltrate, 5 
necrosis, proliferation Н 
Chronicity Description of probable irreversible lesions, eg, extent of tubular atrophy interstitial fibrosis, fibrous crescents, sclerosis _ | È 
Immunofluorescence Microscopy 8 
Granular Discontinuous flecks of staining producing granular pattern; seen along capillary loop in membranous nephropathy E 
Linear Smooth continuous staining, seen along capillary loop in, eg, anti-GBM antibody-mediated GN, or along TBM in anti- |2 
TBM nephritis > 
Electron Microscopy В 
Foot process effacement Flattening of foot processes о that they cover the basement membrane, with loss of slit diaphragms à 
Microvillous transformation Small extensions of visceral epithelial cells with villus-like appearance $ 
Grcumferential Extension of mesangial cll or infiltrating monocyte cytoplasm with interposition between endothelial cell cytoplasm | 
interposition (CIP) апа basement membrane, often with underlying new basement membrane formation g 
Reticular aggregates Organized arrays of membrane particles within endothelial cells (also called tubuloreticular inclusions) 
Immunotactoid GP Large, organized microtubular deposits, 30 nm diameter 
Fibrillary GN Fibris 14-20 nm diameter without organization 


EM aaron mizascopy, GBM, glomerular basement membrane; GN glomerulanephrit: GA glamerulpatiy, MFG, membranopralleralve glomerlonegivs TEM tubular basement membrane: 


CHAPTER 2 NORMAL GROWTH AND MATURATION 


FIG. 26 During development, various stages af immature glomeruli may be found at different cortical 
levels within the kidney. The deep juxtamedullary glomeruli mature first. This immature glomerulus 
is from the midcortical level of a 28-week-gestation premature baby. There is prominent mesangium. 
and very simple capillary branching with overlying plump, cuboidal glomerular visceral epithelial cells 
The parietal epithelial cells ining Bowman's capsule аге also more cuboidal than in the mature state 


(periodic acid Schiff, 00). 


FIG. 2.7 These glomeruli are from the same 28-week-gestation baby as shown in Fig. 26. They 
have more complex capillary branching pattern but maintain immature, plump glomerular visceral 
epithelial cells. In one glomerulus (on the right), the parietal epithelial cells are flattened and more 
mature in appearance (periodi acid Schiff, +200). 


(Figs. 2:62.11) There is no glomerulogenesis (ie, growth of new additional glomeruli) after term birth 
in humans. However, increase in glomerular volume continues until adulthood, with average normal 
glomerular diameter approximately 95 ym in young children (average age 2.2 years) and 140-160 ym 
in adulthood, Thickening of the GBM also occurs normally with maturational growth, Normal ranges 
are from 220 to 260 nm at age 1 year, 280 to 327 nm at age 5 years, 329 to 370 nm at age 10 years, and 
358 to 399 nm а age 15 years, the latter similar to adult normal thickness (see Figs. 2.4 and 2.5). Global 
slomerulosclerosis may occur without renal disease as а part of normal maturation, aging, and repair. 
Less than 5% global glemerulosclerosis is expected in children and young adults, and less than (age 
divided by 2, minus 10) percent in aged normal individuals 
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FIG. 2.8 This deep justamedullary glomerulus is from the same 28-week-gestation baby as shown 
in the previous figures. There is a complex capillary branching pattern with overlying plump, still 
immature glomerular visceral epithelial cells Bowman's space is pouching out ta form a junction with 
the proximal tubular epithelium on the right (periodie acid Schiff, 400) 


FIG. 2.9 The small but completely mature glomerulus of a normal term baby is illustrated, with 
complex capillary branching pattern and mature, pale-gray flattened podocytes overlying the 
capillary loops. The normal vascular pole is seen at the upper left. Normal proximal tubules with 
periodic acid Schift-positive brush border with intervening peritubular capillaries are also illustrated 
Although glomeruli da not increase in number with maturational growth, they increase in size. 
Normal glomerular diameter in children less than 5 years old in aur biopsy practice is less than 95 um. 
Individual laboratories must establish their own normal parameters because fixation and processing 
conditions may influence this parameter (periodic acid Schiff, x100). 
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FIG. 2.10 The more superficial glomeruli (right) are less mature than the deeper juxtamedullary 
‘glomerull left in this term infant. There is persistence of immature podocytes of the more superficial 
glomeruli, although capillary branching pattern is already complex (periodic acid Schiff, 100 


FIG. 2.11 Immature glomeruli from a 3-day-old infant show immature, plump cuboidal podocytes, 
with moderately complex capillary branching pattern of the glomerulus on the right, and mare simple 
branching pattern of the glomeruli on the left (periodic acid Schiff, x100). 
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Primary Glomerular Diseases 


Glomerular Diseases That Cause Nephrotic Syndrom 
Non-Immune Complex 


MINIMAL CHANGE DISEASE AND FOCAL SEGMENTAL 
GLOMERULOSCLEROSIS: INTRODUCTION 


Minimal change disease (MCD) and focal segmental plomerulosclerosis (FSGS) both typically present 
as the nephrotic syndrome and cannot be readily distinguished based solely on clinical presentation. 
їп children ages 1-7 years, nephrotic syndrome is presumed to be due to MCD and biopsy is only 
done if the child is steroid unresponsive or has clinical features suggesting another etiology of the 
nephrotic syndrome. In adults, MCD accounts for 10-15% af nephrotic syndrome. FSGS has increased 
in incidence, and in the United States in adults has surpassed membranous перһгора! 
of nephrotic syndrome (18.7% incidence), especially in African Americans and in Hispanics, Similar 
increases have also been reported in children with nephrotic syndrome. Serologic studies, including 
‘complement levels, are typically within normal limits in both MCD and FSGS. Renal biopsy is thus 
essential to determine the etiology of nephrotic syndrome in adults, and also in children who are not 
steroid responders. The ultimate prognosis differs dramatically, with complete recovery the rule in 
MCD, contrasting with progressive renal insufficiency in FSGS. Several morphologic variants of FSGS 
have also been investigated for their prognostic significance. The impact of these morphologic variante 
‘on prognosis was investigated in the National Institute of Health (NIH) FSGS Clinical Trials cohort 
treated with mycophenolate mofetil and dexa- 
methasone versus cyclosporine, with no difference in response between treatment groups. However, 
the morphologic variant of FSGS was associated with differences in treatment responses, with worst 
outcome in those with collapsing variant and best in those with tip variant, with intermediate results 
for those with FSGS not otherwise specified (NOS). The Columbia working classification proposal is 
given in Table 3.1 and the hierarchical relationship of the variants is shown in Figure 3.1, Each of the 
subtypes will be discussed later. 


of 138 patients with steroid-resistant primary FSG 


MINIMAL CHANGE DISEASE 


Minimal change disease (MCD) is named for the apparent structurally normal glomeruli by light 
microscopy (Figs. 32, 3.3). There are no specific vascular or tubulointersitil lesions in idiopathic. 
MCD. However, MCD may also occur in the middle-aged or older adult who has nonspecific focal 
areas of tubulointersttal scarring and mild vascular lesions (arteriosclerosis, arteriolar hyaline related 
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TABLE 3.1 | FSGS Variants 


Type Defining Feature 

FSGS, not otherwise specified Discrete segmental sclerosis 

FSGS, perihilar variant. Perihilar sclerosis and hyalinosis 

FSGS, cellular variant Endocapillary hypercelluarity 

FSS, tip variant Sclerosis at tubular pole with adhesion at tubular 
lumen/neck 

FSGS, collapsing variant (collapsing Segmental or global collapse of tuft and visceral 

glomerulopathy) epithelial cell hyperplasiahypertrophy 
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FIG. 3.1 Hierarchical classification of focal segmental glomerulosclerosis. 


to hypertension, or other unrelated disease). Global glomerulosclerosis, in contrast to the segmental 
glomerular sclerotic lesion, is not of special diagnostic significance in considering the differential of 
MCD versus FSGS, Globally sclerotic glomeruli may be normally seen at any age and are thought to 
result from normal "wear and tear" and not specific disease mechanisms in most cases. Up to 10% of 
glomeruli may be normally globally sclerosed in people younger than age 40 years. The extent of global 
sclerosis increases with aging, up to 30% by age 80 years (estimate by calculating half the patients age, 
minus 10). 

Associated acute interstitial nephritis (ATN), which is characterized by edema and interstitial lym. 
phoplasmacytic infiltrate, often with eosinophils, suggests а drug-induced hypersensitivity reaction. 
This combined syndrome of MCD and AIN is classically due to nonsteroidal antiinflammatory drugs 
(NSAIDs). This condition is usually reversible with discontinuation of the drug, 

Immunofluorescence studies are typically negative in MCD, The presence of IgM staining in other- 
wise apparent MCD biopsies has been a source of previous controversy; with some authors considering 
this a specific entity, so-called IgM nephropathy (se later) 
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FIG. 32 Minimal change disease. The glomeruli are normal by light microscopy, but with diffuse 
effacement of foot processes by electron microscopy 


Electron microscopy (EM) shows extensive foot process effacement, vacuolization, and microvil- 
Jous transformation of podocytes in MCD (Figs. 3.4, 3.5). Patients who have been treated with partial 
response before biopsy may show less foot process effacement. 


Etiology/Pathogenesis 

"The pathogenesis of MCD appears related to interactions of abnormal cytokines and podocytes that 
only affect glomerular permeability, and do not promote sclerogenic mechanisms. Dysregulated 
interaction of T-cells via cytotoxic T lymphocyte antigen-4 (CTLA-4) with podocyte CD80 has been 
postulated, but not proven, to contribute to MCD. MCD bas been associate with drug-induced hyper- 
Sensitivity reactions, and can be triggered by, for example, NSAIDs (se earlier). MCD also has been 
associated with Hodgkin lymphoma, bee stings, and other venom exposure and following viral infec- 
tion or topic episodes, implicating immune dysfunction аз an initiating factor, but in most cases the 
triggers for initial disease or relapses remain unknown. 
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FIG. 3.4 Minimal change disease (MCD). Foot process effacement is extensh 
in MCD, although extent of foot process effacement cannot be used as a definitive criterion to 


differentiate this entity from focal segmental glomerulosclerosis. The glomerular basement membrane 
is unremarkable, and there are no deposits (transmission electron microscopy, x300) 


transformation of visceral epithelial cells in MCD. Although the endothelial cells are mildly swollen, 
the glomerular basement membrane is unremarkable, and there are по deposits (transmission electron 
microscopy, 8000). 
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FOCAL SEGMENTAL GLOMERULOSCLEROSIS 


1а FSGS of usual type (not otherwise specified, NOS; Table 3.1), sclerosis involves some, but not all, 
glomeruli (focal), and the sclerosis affects a portion of, but not the entire, glomerular tuft (segmental) 
(Figs. 36,37). The morphologic diagnosis of focal segmental glomerulosclerosis is a light microscopic 
description of this pattern of scarring, which may occur in many settings. Differentiation of MCD (see 
earlier) from FSGS relies on a large enough sample to detect the sclerotic glomeruli, since the detection 
ofeven a single glomerulus involved with segmental sclerosis is suficient to invoke a diagnosis of FSGS 
rather than MCD. Thus, it is apparent that the distinction of MCD and FSGS may be dificult, especially 
‘with the smaller samples obtained with current biopsy guns and smaller needles. А sample of only 10 
glomeruli has a 35% probability of missing a focal lesion that affects 10% of the nephrons, decreasing to 
12% if 20 glomeruli are sampled. The initial sclerosis is in the justamedullary glomeruli, and this region 


FIG. 3.6 Focal segmental glomeruloscerosis There is sharply defined segmental sclerosis, defined as 
obliteration of capillary loops and increased matrix, without deposits and with diffuse foot process 
effacement by electron microscopy. Adhesions can also be present. 
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should be included in the sample (see Fig. 37). Conversely, sampling on one section by definition can 
not identify all of the focally and segmentally distributed scars. Three-dimensional studies examining 
serial sections of glomeruli in cases of idiopathic FSGS have demonstrated that the process indeed is 
focal, that is, glomeruli without any sclerosis exist even when disease is well established (Figs. 38, 3.9). 
Because of these limitations in detection of sclerotic lesions, other diagnostic features in glomeruli 
uninvolved by the sclerotic process have been sought to suspect FSGS even without scerosed glomeruli. 
Abnormal glomerular enlargement (see later) appears to be an early indicator of the sclerotic process even 
before overt sclerosis can be detected. The presence of marked glomerular enlargement in a biopsy of 


FIG. 3.7 Focal segmental glomerulosclross (FSGS). Early in FSGS, lesions are very focal, involving initially 
the justamedullary glomeruli. Tubulointersttial fibrosis n a given section may be а clue to adjacent 
eariy segmental sclerotic lesions, which сап be detected by careful serial section examination. In this 


field, one of four glomeruli (top) shows early segmental sclerosis of usual type, with an adjacent area of 
‘ubulointestitial fibrosis Jones siver stain, x100). 


FIG. 3.8 Focal segmental glomerulosclerosis (FSGS) There is early segmental sclerosis that involves 
‘the periphery in one glomerulus (tap), and the hilar area in another glomerulus left), but without 
Significant hyalinosis This mixed pattern of sclerosis i characteristic of FSGS (periodie acid- Schiff, x200). 
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otherwise apparent MCD would therefore rather suggest an early, incipient stage of FSGS. Dystroglycan, 
а component of normal glomerular basement membrane (GEM) that contributes to podocyte-matris 
interaction, is generally maintained in noniclerotic segments in FSGS, and decreased in MCD (but also in 
collapsing type FSGS). This marker, or other emerging biomarkers from molecular and proteomic stud- 
ies, while not completely sensitive or specific, may be of aid in favoring unsampled FSGS versus MCD 
in а biopsy with extensive foot proces effacement and no defining segmental lesion. Diffuse mesangial 
bypercellularity may he a morphologie feature superimposed on changes of either MCD or FSGS, with or 
without IgM deposits, without defined prognostic significance (see later). 

"The periodic acid-Schif (PAS) positive acellular material in the segmental sclerotic lesions of the 
glomerulus may have different composition depending on the diverse pathophysiologic mechanisms dis- 
cussed later, The sclerotic process is defined by glomerular capillary obliteration with increase in matrix, 
and varies from small, early lesions to near global sclerosis (Figs. 3.10-3.13). The segmental sclerosis lesions 
эге discrete and may be located in perihilar andlor peripheral portions of the glomerulus. There may be 
associated global glomerulosclerosis, which has no specific diagnostic significance, Uninvolved glomeruli 
show no apparent lesions by light microscopy, but may appear enlarged, as do glomeruli with early-stage 
segmental sclerosis, The glomerulosclerosis may be associated with hyalinosis, resulting from insudation 
of plasma proteins, producing a smooth, glassy (hyaline) appearance (Fig, 3.14). This occurs particularly in 
theaxial,vaseular pole region. Of note, arteriolar hyalinosis may occur with hypertensive injury and should 
not be taken per se as evidence of a glomerular sclerotic lesion (see hilar-type FSGS, discussed later). Vas- 
cular sclerosis may be prominent late in the course of FSGS. Adhesion ofthe podocyte to Bowman's capsule 
(synechiae) is an early manifestation of sclerosis (Fig, 3.15). Glomerulosclerosis, when fully established, 
is accompanied by tubular atrophy, interstitial fibrosis with interstitial Iymphocytes, proportional to the 
degree of scarring in the glomerulus (see Fig, 3.11). Ofnote, in HIV-associated nephropathy (HIVAN) and 
collapsing glomerulopathy, tubular lesions are often microcystic and disproportionally severe (see later). 


FIG. 3.9 Focal segmental glomerulosclerosis (FSGS). There are more advanced segmental sclerotic lesions 
affecting two of the three glomeruli in this field, with surrounding proportionate tubulointerstial fibrosis. 
The sclerosis is characterized by increased matrix and obliteration of capillary lumens, and is of the usual 
type of FSGS Jones silver stain, x200) 
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FIG. 310 Focal segmental glomeruloscerosis (FSGS). Near end-stage FSGS is present, with global or 
near global sclerosis of all glomeruli and extensive tubulointerstitial fibrosis and vascular thickening. 
(ones silver stain, 200) 


characterized by increased matrix and obliteration of capillary lumina, frequently with hyalinosis and 
adhesions, as illustrated here. There is surrounding tubulointerstitial fibrosis. The uninvolved segment 
of the glomerulus appears unremarkable (Jones silver stain, x200). 
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Immunofluorescence may show nonspecific entrapment of IgM and СЗ in sclerotic areas or areas 
where the mesangial matrix is increased (Fig. 3.16). 

Electron microscopy shows extensive foot process effacement, even in glomeruli without a seg- 
mental sclerosing lesion (Pig, 3.17). Thus, extent of foot process effacement does not allow precise 
distinction between MCD and FSGS in individual cases. Foot process effacement tends to be more 
extensive in primary FSGS compared with secondary FSGS; however, the overlap between these two 
categories docs not allow one to use this as a diagnostic feature in individual cases, Secondary FSGS 
lesions may show extensive foot process effacement in glomeruli affected by the segmental sclerosing 


process. Conversely, the absence of significant, that is, less than 50%, foot process effacement should 
cast doubt on the diagnosis of primary, idiopathic FSGS. There are no immune deposits in idiopathic 
FSGS, but mesangial matrix is increased in sclerotic areas (Fig, 3-18). Areas of hyalin may be present in 
the sclerotic segments and appear dense by electron microscopy, but should be readily recognized as 
hyaline, and not confused with immune complexes, by observing scattered lipid droplets, and correlat- 
ing with scout section light microscopic appearance (Fig. 3.19). The presence of numerous reticular 
aggregates in endothelial cells in the setting of segmental glomerulosclerosis with collapsing features 
suggests possible HIV-associated nephropathy (se later). 


Diagnosis of Recurrence of FSGS in the Transplant 
Primary FSGS recurs in 30-40% of patients. Most recurrences occur within the first months after 
transplantation, although proteinuria may recur immediately after the graft is implanted, implicat- 
ing circulating factor(s) in the recurrence, Foot process effacement is present at time of recurrence 
of proteinuria and precedes the development of sclerosis, typically by weeks to months. Glomerular 
enlargement at this stage of recurrent FSGS is prominent in children, who otherwise do not undergo 
glomerular enlargement when receiving an adult kidney (in contrast, an adult recipient ofa single kid- 
ney will normally have marked renal and glomerular growth to provide adequate glomerular filtration 


FIG. 3.12 Focal segmental glomerulosclerosis (FSGS). An advanced segmental sclerotic lesion of FSGS 
is shown, with only minimal hyaline droplets. There is increased mesangial matrix and obliteration of 
capillary lumina involving the majority of the glomerulus. The uninvolved portion of the glomerulus 
has mild increase in mesangial matrix. The adjacent tubule shows atrophy and a proteinaceous cast 
(periodic acid-Schiff, хао). 


with increased mesangial matrix and obliteration of capillary lumina. The remnants of the glomerular 
basement membrane in the sderosed segment can be seen as wrinkled lines оп this siver stain. The 
uninvolved portion of he glomerulus shows minimal mesangial matrix increase. Although this sclerotic 
lesion involves the vascular pole, there is no associated hyalinosis, and the majority of segmental lesions 
жеге not hilar te lesion is therefore classified аз FSGS, not otherwise specified (Jones siver stain, DO). 


FIG. 3.14 Focal segmental glomeruloscerosis (FSGS). In this case of FSGS, there was extensive 
hyalinosis in the sclerotic areas, which are characterized by increased mesangial matrix and 
obliteration of capillary lumina. There аге also adhesions of the sclerotic segments to Bowman's 
capsule, with thickened and disrupted Bowman's capsule. The hyalinosis represents an insudation of 
plasma proteins, reflecting endothelial injury (ones silver stain, x400). 
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FIG. 3.15 Focal segmental glomerulosceross (FSGS). Early lesion of FSGS with adhesion of glomerular 
tuft ta Bowman's capsule and small segmental area of hyalinosis and intracapilla foam cells Jones 
silver stain, x400), 


FIG. 3.16 Focal segmental glomeruloscleross (FSGS). Inmunafluorescence studies in FSGS do nat show 
immune complexes, but may show IgM in sclerotic areas or in areas of mesangial expansion (antilgM 
antibody immunofiuorescence, x400) 


FIG. 3.17 Focal segmental glomeruloscerosis (FSGS). By electron microscopy, there is extensive foot 
process effacement in FSGS. However, it may not be complete, as illustrated here. If there is less than 
approximately 50% foot process effacement, the diagnosis of primary FSGS isin doubt. There is also 
mesangial matrix expansion, without immune deposits (transmission electron microscopy, x30), 


FIG. 3.18 Focal segmental glomeruloscerosis (FSGS). Segmental increase in matrix with obliterated 
capillary lumens is apparent in this case af FSGS. The overlying visceral epithelial cells show 
wacuolization, microvillous transformation, and extensive foot process effacement. The corrugated, 
collapsed glomerular basement membrane is evident, There аге no immune deposit (transmission 
electron microscopy, 5000). 
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FIG. 3.19 Focal segmental glomerulosclerosis (FSGS). Hyaline deposit within a segmentally sclerotic 
area in FSGS. Hyaline в smooth, homogeneous, usually located in areas of sclerosis, and frequently 
Contains lipid (clear, round areas) The sclerotic segment i characterized by increased matrix and 
‘obliteration of the capillary lumen, with dense adhesion to the overlying fibrotic Bowman's capsule. 
(transmission electron microscopy, 33000, 


rate [GFR]). Overt sclerosis is not noted until weeks to even months after recurrence of nephrotic 
syndrome. Thus, during this time interval in the setting of the FSGS patient with nephrotic syndrome 
їп the transplant, foot process effacement alone, even without detectable segmental sclerosis, is evi- 
dence of recurrent FSGS. Activated parietal epithelial cells, staining for CD44, are increased on the 
glomerular tuft itself even in this early phase of recurrent FSGS, and are postulated to have migrated 
from Bowman's capsule. Recurrent FSGS often, but not invariably, shows similar phenotype by the 
Columbia classification of FSGS as їп the native kidney. 


Differential Diagnosis of MCD Versus FSGS 


Some investigators have felt that the common clinical presentation and similar findings in intact 
glomeruli indicate that MCD and FSGS are two manifestations of the same disease. Our data and 


those from others rather support differences even at the earliest time points. Much evidence has 
pointed to the participation of abnormal glomerular adaptation and growth factors in the patho- 
genesis of glomerulascleross. Several studies have shown that glomerular enlargement precedes 
overt glomerulosclerosis, in both pediatric and adult patients who otherwise had apparent MCD 
initially. Patients with abnormal glomerular growth, even on initial biopsies that did not show overt 
sclerotic lesions, subsequently developed overt glomeruloscerosis, as documented in later biopsies. 
A cut-off of 50% larger glomerular area than normal for age was а sensitive indicator of increased 
risk for progression in one series of children with nephrotic syndrome. Of note, glomeruli grow in 
size until approximately age 18 years, although no neve glomeruli are formed after birth, зо age- 
matched controls must be used in the pediatric population to assess normal glomerular size. 

‘The finding of mesangial hypercellulaity (>80% of glomeruli with >3 cells per mesan- 
gial region) has been proposed to indicate a subgroup of patients with poorer prognosis and 
increased risk for development of FSGS. Lack of uniform application of criteria for morphologic 
definition of mesangial hypercellularity makes it dificult to assess the impact of this feature on. 
prognosis. However, several series have failed to confirm a definite clinical correlation of this 
‘morphologic variant. Thus, patients with mesangial hypercellularity in renal biopsies that oth- 
erwise show apparent MCD ultimately had good prognosis despite decreased initial response to 


Continued 
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Differential Diagnosis of MCD 


steroids, Children with FSGS and mesangial hypercellularity did not show worse prognosis than 
those with typical FSGS, Thus, diffuse mesangial hypercellularity does not appear to impart а 
specific prognostic significance in either MCD or FSGS, nor does it differentiate between appar- 
ent MCD and unsampled FSGS. 

JgM deposits by immunofluorescence in association with mesangial hypercellularity may indi 
cate a poorer response to steroids, and some patients have shown histologic FSGS on second biopsy 
after an initial biopsy showed IgM nephropathy. However, the significance of IgM deposits by 
“mmunofluorescence in the setting of normal glomeruli by light microscopy has been dificult to 
assess, Again, series of biopsies from children with FSGS and nephrotic syndrome have failed to 
show a specific predictive value ofthe IgM staining with or without diffuse mesangial hypercllular- 
ity. If deposits are present by electron microscopy as well as by immunolluorescence, а mesangio- 
‘pathic/mesangioproliferative immune complex glomerulonephrits should be diagnosed. 

In summary, the diagnosis of FSGS cannot be completely excluded when segmental sclerotic 
lesions are not detected, even with a biopsy of adequate size. It is therefore best to include the 
possibility of unsampled FSGS in biopsies from patients with nephrotic syndrome, no immune 
complexes, and extensive foot process effacement, especially when glomerular number is less than. 
25, or other morphologic findings indicative of probability of unsampled FSGS are present, These 
include glomerular enlargement and interstitial fibrosis (in young patiens), and possibly preserved 
dystroglycan staining, or CD44-positive epithelial cells on the glomerular tuft. 


Etiology/Pathogenesis 
Primary FSGS is thought to result from an undefined circulating factor or factors that mediate 
abnormal glomerular permeability and ultimately sclerosis- Soluble urokinase plasminogen activa- 
tor receptor (suPAR) and cardiotrophin-like cytokine-1 (CLC-1) have been postulated to represent 
such causative circulating factors. However, suPAR is increased with decreased GER, regardless of 
caus, and is increased in a variety of inflammatory conditions without FSGS. Inactivation of CLC-1 
by galactose infusion has not prevented recurrent FSGS. Thus, a proven causal circulating factor in 
FSGS has not been identified. Recent studies have pointed to podocyt injury and dedifferentiation 
ofits phenotype, with oss of podocytes, with activated parietal epithelial cell migration to the taf, in 
the pathogenesis of the sclerotic lesions, The finding of CD44-positive cells, a marker of such activated 
parietal epithelial cells, on the glomerular tuf precedes overt sclerosing lesions in recurrent FSGS in 
the transplant, and could also enhance recognition of carly sclerosing lesions in native kidneys 
Expanded understanding of the molecular biology of the podocyte and identification of genes 
mutated in rare familial forms of FSGS (eg, АСТМА, NPHS2, which encodes podocin, TRPC-6, PLCE, 
INF-2, WTI, CD2AR LAMB2), or in congenital nephrotic syndrome of Finnish type (nephrin, coded 
by the NPHS? gene), have given important new insights into the mechanisms of progressive отет 
losclerasis and nephrotic syndrome. We will only briefly discus some of these genetic forms of FSGS, 
Key gene mutations causing FSGS/nephrotic syndrome include those encoding structural proteins ofthe 
podocyte cytoskeleton or slit diaphragm, those governing podocyte-GBM interaction, affecting mito- 
chondrial function, ог coenzyme Q10 function. Nephrin localizes to the slit diaphragm af the podocyte 
and is tightly associated with CD2-assocate protein (СОЗАР), Nephrin functions as a zona ocdudens- 
буре junction protein, and along with CD2AP provides а crucial role in receptor patterning, cytoskel- 
etal polarity, and signaling. Mice engineered to be deficient in CD2AP develop congenital nephrotic 
syndrome, similar to congenital nephrotic syndrome of Finnish type. Autosomal dominant FSGS is 
caused by mutation in a-actinin 4 (АСТА). Ths is hypothesized to cause altered actin cytoskeleton 
interaction, perhaps causing FSGS through a gain-of-function mechanism, contrasting with the loss-of- 
function mechanism implicated for disease caused by the nephrin mutation mice, with ether knockout 
‘or knock-in of mutated ACTNA that develop FSGS lesions. Thus, balance of a-actinin 4 is crucial for 
the podocyte Patients with c-actnin 4 mutation progres to end stage by age 30 years, with rare recur- 
тепсе of nephrotic syndrome in the transplant, perhaps related to as yet undefined immune reactions to 
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the normal, nonmutated transplant kidney: Transient receptor potential cation channel-6 (TRPC-6) isa 
channel molecule expressed in the podocyte, and when mutated, a gain-of-function altered calcium flux 
occurs. FSGS develops in adulthood with variable penetrance, Podocin, another podacyte-specific gene 
(NPHS2) is mutated in autosomal recessive FSGS that has an early onset in childhood with rapid progres- 
sion to end stage with frequent steroid resistance, Padacin is an integral stomatin protein family member 
and interacts with the CD2AP-nephrin complex, indicating that podocin could serve in the structural 
organization of the slit diaphragm. In contrast to the steroid resistance of the above, some patients with 
PLCEI mutations may respond to steroids. Acquired disruption of some of these complexiy interacting 
podocyte molecules has been demonstrated in experimental models and in human proteinuric diseases, 
Although mutations in podocyte structural genes аге not uncommon in children with steroid-resistant 
nephrotic syndrome with FSGS (up to ~30% in some series), adults with nonfamilial FSGS rarely have 
such mutations, Variants of apolipoprotein L1 (G1, G2) that are protective against trypanosomal disease 
have been linked to increased FSGS in patients of black African ethnicity although mechanisms for renal 
disease susceptibility remain unknown. Thus, it is possible that novel molecular and immunostaining 
techniques to detect abnormalities in these genes and the proteins they encode will become of diagnostic 
and prognostic utility. There currently are no specifie morphologie findings recognized to distinguish 
the FSGS cases due to mutations in these genes from other types of FSGS. 


Ki 


y Diagnostic Features of FSGS 


^ Extensive foot process effacement 
^o Absence of immune complexes 
+ Diagnostic segmental lesions 


Note: Segmental lesions vary, and define the subtype of focal segmental glomerulosclerois (FSGS). 


Differential Diagnosis of Minimal Change Disease Versus FSGS 


‘+ Global sclerosis may be found in any condition, and does not differentiate between minimal 
change disease and FSGS. 

^ Extent of foot proces effacement does not distinguish between primary FSGS and minimal 
change disease: <50% effacement indicates the process is not likely either MCD or primary FSGS. 

+ Even in the absence of diagnostic segmental lesions (see earlier), unsampled FSGS may be 
considered in biopsies with small sample size. 

^ Surrogate markers of unsampled FSGS include marked glomerulomegaly, interstitial fibrosis in 
young patients. 

ва 


Focal segmental glomeruloselerosi MCD, minimal change disease 


Differential Diagnosis of Primary Versus Secondary FSGS Lesions 


= Subtotal (ie, 509) foot process effacement strongly favors secondary FSGS, 
+ Extensive foot process effacement may, however, occasionally occur even in secondary FSGS. 
^ Key differential features: 
+ Arterionephrosclerosis: extensive vascular sclerosis, increased global glomerulosclerosis in solidi- 
fied patter, perigomerular fibrosis around nonsclerotic glomeruli, increased lamina rara interna. 
+ Chronic pyelonephritis/reflu nephropathy: sharply delineated, geographic pattern of scar- 
ring and thyroidization of tubules, periglomerular fibrosis, occasionally increased lamina 
тага interna and subtotal foot process effacement 
^ Secondary collapsing glomerulopathy causes 
+ HIV-associated nephropathy; numerous reticular aggregates suggest HIV-associated ne- 
phropathy (or possibly systemic lupus erythematosus [SLE]). 
+ Other secondary causes of collapsing lesions, usually with less extensive foot process efface- 
‘ment: pamidronate toxicity, interferon treatment, severe ischemia (such as that seen with 
cyclosporin, cocaine), SLE, and possibly parvovirus. Clinical correlation is esential. 


FSGS, Focal segmental glomerulosclerosis, 
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Collapsing Glomerulopathy 
Collapsing glomerulopathy has a poor prognosis, with marked proteinuria rapid los of renal func- 
tion, and virtually no responsiveness to corticosteroids alone, This lesion occurs in both Caucasians 
and African Americans, with strong African American preponderance. The incidence of this lesion 
varies in different geographic regions. In New York, the incidence has increased from 11% of all cases 
ofiiopathic FSGS from 1979 to 1985, to 20% ofthis group from 1986 to 1989, and to 24% of idiopathic 
FSGS from 1990 to 1993, In а large renal biopsy practice centered in Chicago, the collapsing variant 
accounted for only 4.7% of FSGS biopsies, 

By light microscopy, there is glomerular tut collapse (segmental or global) and overlying podo- 
cyte hyperplasia and hypertrophy (Fig, 3.20). Collapsing lesions are mare often global than segmental 
(Table 3.1, Figs. 3.21, 3.22). Segmental lesions may involve any portion of the glomerulus (Fig, 323) 
‘There are frequent marked protein droplets in the hypertrophied visceral epithelial cells (Fig. 324), 
‘Adhesions and hyalinosis are uncommon in the carly stage of the lesion, as are mesangial hypercellu- 
larity and glomerulomegaly: Involvement of even a single glomerulus with this collapsing lesion is 
proposed to warrant classification as collapsing glomerulopathy, with its attendant poor prognosis 
(Fig. 3.25). Other types of segmental sclerosis (Table 3.1) may coexist. Diferentition of cellular or 
collapsing-type FSGS from usual, NOS FSGS, may be dificult in some cases (Fig, 3.26). Vessels do not 
show specific lesions. Tubules show injury disproportionate to the sclerosis with microcystic change 
(Fig, 3.27) and there is interstitial inflammation. 


FIG. 320 Collapsing glomerulopathy. There is segmental or global collapse of the capillary tuft with 
overlying visceral epithelial cell hyperplasia, without deposits 
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‘glomerular tuft with marked proliferation of overlying visceral epithelial cells, often with prominent 
protein droplets. The collapse may be global, or more segmental Jones silver stain, 400) 


D SA? УРОЖАЯ th 
FIG. 322 Collapsing glomerulopthy Extensive collapse with marked visceral epithelial cll 
hyperplasia ятар то lomeruopathy ones ler stain xi) 


FIG. 323 Collapsing glomerulopathy. Occasionally the collapse may be quite segmental, with the 
remainder of the glomerular capillary tuft showing no alterations. There is marked segmental collapse 
with overlying visceral epithelial cell hyperplasia in this case of collapsing glomerulopathy (ones silver 
stain, x200). 


FIG. 3.24 Collapsing glamerulopathy. There is collapse of the glomerular tuft and overlying 
hyperplasia of the visceral epithelial cells, with prominent protein reabsorption droplets (Jones silver 
stain, x400). 


Immunofluorescence may show IgM and C3 in sclerotic segments, Electron microscopy shows the 
‘wrinkled, collapsed GEM and overlying visceral epithelial cell hypertrophy/hyperplasta with frequent 
vacuoles and protein droplets. No immune complexes мге present (Fig. 28), Reticular aggregates are 
mot present in idiopathic collapsing glomerulopathy. 


Etiology/Pathogenesis 
Mature podocytes do not usually proliferate because of high expression of cyclin-dependent kinase 
inhibitor p27kipt. In collapsing glomerulopathy and HIVAN, p27kip! expression is lost in areas of co: 

lapse, with proliferation and dediffereniation. These observations point to a dysregulated phenotype 


E CHAPTER 3 GLOMERULAR DISEASES 


FIG. 325 Collapsing glomerulopathy. There are some overlap features between the cellular type 
of focal segmental glomeruloscleross and collapsing glomerulopathy, аз illustrated here. There is 
collapse in areas, and segmental endocapillary hypercellularity, with occasional neutrophils and foam 
cells, with overlying visceral epithelial cell hyperplasia. However, the endocapillary hypercellularity is 
not quite prominent enough to classify as a cellular lesion, and this lesion would best be classified as 
collapsing glomerulopathy (ones silver stain, x400) 


FIG. 326 Complex focal segmental glomeruloscleross (FSGS). This glomerulus shows an early, complex 
sclerosing lesion with varying features. There is a segmental area of adhesion with hyalinosis (left), 
with mild overlying visceral epithelial cell hypertrophyhyperplasia. In the adjacent lobule, there is an 
сапу cellular lesion with mild endocapillary hypercellularity, but without the typical foam cells of FSGS, 
cellular variant. There is a small area of collapse at 5 o'clock, and the cellular lesion occupies only a 
very small portion of the tuft This is therefore best classified as FSGS, collapsing variant, although it 
shows some overlapping features with both the cellular and collapsing variants of FSGS (endocapillary 
hyperceilularity and visceral epithelial cell hypertrophy/hyperplaia). This most likely represents an 
сапу sclerosing lesion (Jones silver stain, x400). 


; » ў 
Ы K SPA ET AL Ps 
Fc, 327 Collapsing glomerulopathy Collapsing glomerslopathy is oftven associated with 
disproportionate tubulointerstital injury with mierocystie change with proteinaceous casts, as shown 
here anes sive stain, 2200) 


of these epithelial cells in the pathogenesis of these disorders, Parietal epithelial cells likely contribute 
to this hyperplasia, and may also migrate along the GEM to replace injured podocytes, The etiology 
of collapsing glomerulopathy has not yet been defined; however, a possible viral agent has been pro- 
posed. Evidence of parvovirus infection was more frequent in patients with collapsing glomerulopathy 
compared with controls, usual-type FSGS, or HIVAN, suggesting an association. Treatment with pami- 
dronate or interferon also has been linked to development of collapsing glomerulopathy. Recurrence 
їп the transplant has heen reported. De novo collapsing glomerulopathy has also been noted in the 
transplant, linked to calcineurin inhibitor toxicity. Collapsing glomerular lesions also occur in native 
kidneys in а zonal distribution associated with severe vascular injury Interferon therapy has also been 
associated with collapsing glomerulopathy lesions. In rare cases, collapsing glomerulopathy has been 
observed in patients with systemic lupus erythematosus (SLE), associated with immune complex, pro- 
liferatve lesions. The excess incidence of this lesion in African Americans has been linked to a mutant 
variant ofan apolipoprotein, Apo L1, This Apo L1 confers protection against a strain of trypanosomi 

sis How Apo LI might predispose to podocyte damage and collapsing glomerulopathy is unknown. 
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FIG. 328 Idiopathic collapsing glomerulopathy. There is extensive corrugation of the glomerular 
basement membrane with segmental areas of collapse by electron microscopy, without any deposits. 
Podocytes show extensive foot process effacement, vacuolization, and microvillous transformation 
(transmission electron microscopy, 5000). 
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FIG. 329 Focal segmental glomeruloscleross, tip lesion. Segmental sclerosis is confined to the. 
іта! tubular pole and often has endocapillary ypercelluarity with foam cells and overlying 

ral epithelial cell hyperplasia. Foot processes are diffusely and globally effaced, even in. 
glomeruli and segments without the tip lesions, without deposits. 


Tip Lesion Variant of FSGS 

Patients with tip lesion variant of FSGS present with nephrotic syndrome. This lesion was proposed to 
represent an early lesion with good prognosis similar to MCD, However, later follow-up has revealed a 
less than benign prognosis in some patients, 

"The tip lesion is defined as glomerulosclerosis involving only the tubular pole of the glomerulus 
(Fig. 329). The collapsing glomerulopathy variant must be excluded to diagnose tip variant FSGS 
(Table 5.1). И is defined as the presence of at least one segmental lesion involving the outer 25% of the 
glomerulus nest to the proximal tubule pole with adhesion between the tuft and Bowman’ capsule at 
the tubule lamen or neck (Figs. 3.30, 3.31), Thus, the proximal tubule pole must be identified in order 
to recognize and diagnose the lesion. The segmental lesion may be characterized by either endocap- 
‘lary hypercellularty (involving <50% of the tufi) or sclerosis (involving <25% of the tufi). Foam 
cells are common, but hyalinosis is variable. The involved area often shows podocyte hypertrophy 
hyperplasia, Mesangial hypercellularity, glomerulomegaly, and arteriolar hyalinosis are variable. Other 
glomeruli may show usual segmental lesions or cellular lesions according to the Columbia classifica- 
tion. So-called pure tip lesion, as originally defined, that is, when this is the only segmental lesion 
present, may have even better prognosis. Imunofluorescence and electron microscopy findings are 
as in usual-type FSGS. 
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involves the proximal tubular pole of the glomerulus is classified as the tip variant of FSGS (periodic 
ació-schi, x100). 


FIG. 331 Focal segmental glomeruloscerosis (FSGS), tip lesion. The adhesion between the glomerular 
tuft and the neck of the proximal tubule with intracapillary foam cells is evident in this tp lesion 
variant of FSGS (ones silver stain, x400). 
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Etiology/Pathogenesis 
The etiology and pathogenesis are unknown, Hypotheses include increased turbulence at the 
tubular outflow causing podocyte injury. Tip lesions may also be seen incidentally at autopsy 
and superimposed in other glomerular diseases, and thus are not pathognomonic of idiopathic 
primary FSGS. 
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Cellular Variant of FSGS 
Patients with the cellular variant of FSGS present with abrupt onset of nephrotic syndrome. This lesion 
is the rarest of the idiopathic FSGS subtypes. To diagnose the cellular variant of FSGS, the FSGS work- 

ing classification proposes that tip lesion and collapsing glomerulopathy must be excluded (Table 3.1). 
"The cellular variant of FSGS is then defined аз at least one glomerulus with endocapillary hypercellu- 

larity/proliferation involving at least 25% of the tuft and occluding the lumen (Figs. 3.32, 3.33). The 
endocapillary cells typically include foam cells, macrophages, and endothelial сей. Neutrophils and 
lymphocytes may also be present. There may be podocyte hyperplasia/hypertrophy overlying this 
lesion, but unlike in collapsing glomerulopathy, this is not a required feature. These lesions may develop 
into progressively less cellular, more sclerotic lesions, becoming indistinguishable clinically and mor 

phologically from classic FSGS (see Fig. 3.26). Thus, other glomeruli in the biopsy may contain usual 


FIG. 3.32 Focal segmental glomerulosclerosis (FSGS), cellular. There is extensive endocapillary 
hypercellularity with frequent mononuclear cells and multifocal, early adhesions of the tuft to 
Bowman's capsule in this cellular variant of FSGS, There is mild prominence of the overlying 
podocytes, but not frank hyperplasia, and no collapse of the glomerular tuft to indicate collapsing 
glomerulopathy Immune complexes were excluded by immunofluorescence and electron microscopy 
ones silver stain, x400). 
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re.a. 


33 Focal segmental glomerulosclerosis (FSGS), cellular. There is only a segmental area of 


endocapillary hypercellularity with hypertrophy of overlying podocytes in this cellular variant of FSGS- 


immu 
00), 


ine complexes were excluded by immunefluorescence and electron microscopy (ones silver stain, 


type of segmental or global glomerulosclerosis. Immunofluorescence and electron microscopy findings 
are as in usual-type FS 


Etiology/Pathogenesis 
‘This cellular lesion may be an early abnormality seen by light microscopy when FSGS recurs in the 
transplant. Thus, this morphologie variant is postulated to represent an earl, active FSGS lesion. 
"The cellular lesion has also been seen more commonly in children with FSGS than in adults 
In some cases of apparent cellular FSGS, additional deeper sections show diagnostic tip lesions 
Thus, some cases with cellular lesions may rather represent tip lesion FSGS. Cellular variant FSGS 
‘overall showed intermediate prognosis compared with collapsing glomerulopathy and tip variant 
of FSGS, 
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Perihilar Variant of FSGS 
Patients present with proteinuria, Patients may have hypertension or other underlying conditions 
linked to renal scarring (Fig. 3.34). To diagnose this type, cellular, tip variants of FSGS and collapsing 
glomerulopathy must first be excluded (Table 3.1). Perihilar-type FSGS is defined by perihilar sclerosis 
and hyalinosis involving >50% of the involved glomeruli with segmental lesions. Glomerulomegaly 
and adhesions are common. There is often arteriolar hyalinosis, but arteriolar hyalin alone is insuf- 
ficient for diagnosis (Figs. 3.35, 3.36). Mesangial hypercellularity is usually absent, and podocytes do 
not typically show hyperplasia/hypertrophy. Immunofluorescence and electron microscopy findings 
are as in usual-type FSGS. 
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Etiology/Pathogenesis— Secondary Forms of FSGS 
Predominantly perihila lesions of sclerosis are proposed to represent a response to reduced renal 
mass. This variant may occur in idiopathic FSGS but is also common in patients with secondary 
forms of FSGS related to adaptive responses to reduced nephron mass and/or glomerular hyper- 
tension, Many insults to the kidney may result in secondary FSGS, either as the sole manifesta- 
tion of injury, or superimposed on other renal disease manifestations. Lesions of FSGS may be 


seen secondary to other conditions, of be associated with hypertensive arterionephrosclerosis, as 
in this case. The diagnosis of primary FSGS was excluded by very limited foot process effacement, 

disproportionate vascular sclerosis, extensive global sclerosis, and most importantly, the clinical course 
with long-standing hypertension preceding any evidence of renal dysfunction (Jones silver stain, x100). 


FIG. 335 Focal segmental glomerulosclerosis (FSGS), perihilar. The periilar type of FSGS shows 
vascular pole sclerosis with hyalinosis, often with hyalin extending into the arteriolar pole, as seen on. 
these adjacent sections of a glomerulus with perihlar variant of FSGS. This may often be secondary to 
other conditions or associated with arterionephrosceross, ог be idiopathic (A, periodic acid-Schi B, 
Jones silver stain, 200). 
Continued 
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FIG. 3.36 Focal segmental glomeruloscerosis (FSGS), perihilar. This glomerulus shows a more extensive 
perihilar lesion of FSGS, associated with hyalinosi and periglomerular fibrosis. In this case, the lesion 
жаз likely due to arterionephroscirasis associated with hypertension (Jones silver stain, x400} 


seen in association with diseases with abnormal, maladaptive responses of glomerular growth. 
and pressures, for example, in diabetes, obesity, heroin abuse, cyanotic heart disease, or sickle 
cell disease. Thus, secondary sclerosis occurs in the chronic stage of many immune complex or 
proliferative diseases. In some of these settings, the morphologic appearance of sclerosis can indi 
cate the nature of the initial insult: Obesity-associated FSGS shows mild changes related to glu 
cose intolerance (mesangial expansion, GBM thickening), subtotal foot process effacement, and 
marked glomerulomegaly. The course is more indolent than for idiopathic FSGS, with less fre- 
quent nephrotic syndrome, Anabolic steroid use has also been linked to FSGS, with some patients 
showing hilar lesions, In FSGS secondary to reflux nephropathy, there is frequently prominent 
periglomerular fibrosis and thickening of Bowman's capsule and patchy, “geographic"-pattern 
interstitial scarring, in addition to the heterogeneous glomerulosclerosis. FSGS associated with 
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heroin use does not show pathognomonic features, although global glomerulosclerosis, epithelial 
cell changes, interstitial fibrosis, and tubular injury tend to be more prominent than in idiopathic 
cases of FSGS. FSGS also can develop in association with decreased renal mass, The best example 
is oligomeganephronta, where nephron number is greatly reduced, with resulting marked enlarge- 
ment of the remaining glomeruli, and occurrence of FSGS. Patients with unilateral renal agenesis 
show apparent higher risk of FSGS than the general population. Loss of one kidney later in life 
does not elicit the same degree of growth response in the remaining kidney as in the young and 
is less likely to be associated with scarring in the contralateral kidney. However, when one kidney 
anda portion of the other are lost in the adult, patients appear to have increased risk of developing 
FSGS. Similarly, low birth weight has been associated with fewer nephrons, presumed to contrib 
ule to the linkage with chronic kidney disease and hypertension, FSGS has been reported in some 
of these patients as well 


Key Diagnostic Features of Subtypes of FSGS 


+ Collapsing lesion (even in only one glomerulus) — collapsing glomerulopathy 

+ Tip lesion in the absence of collapsing lesion or hilar lesion — tip lesion variant of FSGS 

+ Cellular lesion in the absence of tip and collapsing features ~ cellular variant 

+ Hilar lesion in the absence of above, involving most of the segmentally affected ~ hilar variant 
Fscs 

+ Segmental lesions that do not fit in to any of the above categories, or the standard segmental 
sclerosis lesion — FSGS, NOS. 


FSGS, Focal segmental glomcruliscerasi NOS, nor otherwise specified. 
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CONGENITAL NEPHROTIC SYNDROME OF FINNISH TYPE 


Congenital nephrotic syndrome of Finnish type (CNF) is an inherited autosomal recessive disease 
caused by mutation of the nephrin gene (NPHS1), located on chromosome 19. The disease is not exclu 
sive to the Finnish population, Nephrotie syndrome manifest at birth or usually by age 3 months, and 
‘usually results in death from complications secondary to nephrotic syndrome by age 1 year unless 
treated with renal transplantation. Microscopic hematuria is often present 

Glomeruli may be immature, more so than expected for term birth, but this may in part reflect 
the usual premature birth of affected infants. Mature glomeruli have variable mesangial increase 
and nonspecific sclerosis and occasional proliferation (Fig. 3.37). Occasional crescents may be 
present, but without necrosis, Glomeruli may also be unremarkable by light microscopy. The 
proximal tubules are dilated (Figs. 3.38-3.40). Tubules may show atrophy and Bowman's capsule. 
may be dilated in some cases, although collecting ducts are not typically dilated. Of note, these 
typical tubular lesions may be absent in early biopsies. Glomerulosclerosis develops late in the 
course (Fig. 3.41) 

“There are no deposits by immunofluorescence. Dy electron microscopy, there is widespread efface- 
ment of foot processes and loss of slit diaphragms. The GBM may be focally attenuated. 
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FIG. 3.37 Congenital nephrotic syndrome of Finnish type. Glomeruli do not show specific lesions but 
may have varying mesangial hypercellularity There is microcystic dilation of proximal tubules, here 
associated with global glomerulosclerosis and interstitial fibrosis (hematoxylin and eosin, x100). 


FIG. 338 Congenital nephrotic syndrome of Finnish type. Glomeruli аге unremarkable and microcytic 
dilation of proximal tubules s widespread (Jones silver stain, x100) 


Etiology/Pathogenesis 
"The nephrin gene is mutated in CNE. The nephrin gene is a prominent component of the slit dia- 
phragm ofthe foot processes of the podocyte Studies in knock-out mice reveal that intact nephrin 
is required for maintaining normal capillary permselectivity. Mutation of a protein tightly associ- 

ated with nephrin, CD2-associated protein (CD2AP), in mice has demonstrated that mutation. 
of other components of the slit diaphragm or its anchoring proteins also leads to nephrotic syn- 

drome, with clinical characteristics mirroring many of those of congenital nephrotic syndrome 
of Finnish type. Approximately one quarter of patients transplanted develop recurrent nephrotic 
syndrome, Renal biopsies of the transplant performed from 3 days to 2 weeks after onset of 


FIG. 339 Congenital nephrotic syndrome of Finnish type. Proximal tubules are microcystically dilated 
Glomeruli show normal maturity for age in this newborn (ones silver stain, «200). 


disproportional tubular dilation with mild interstitial fibrosis without specific glomerular lesions early 
in the course of congenital nephrotic syndrome of Finnish type (periodic acid-Schiff, x40). 


recurrent nephrotic syndrome showed glomerular capillary endothelial cell swelling and exten- 
sive foot process effacement. These recurrences typically develop in patients with the Fin-major/ 
Fin-major genotype, resulting in completely absent nephrin, Some of these patients had detect- 
able anti-nephrin antibodies after transplant, supporting immune injury to the normal nephrin- 
bearing podocytes in the graft, although usual immune complexes are not observed. 
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FIG. 3.41 Congenital nephrotic syndrome of Finnish type. The glomeruli show mild mesangial 
proliferation, and there is focal tubular dilation with very mild interstitial fibrosis Jones silver stain, x200) 
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DIFFUSE MESANGIAL SCLEROSIS 


Diffuse mesangial sclerosis may occur as an isolated lesion manifesting as nephrotic syndrome, or 
be part of Denys-Drash syndrome. Mutations in the Wilms tumor gene (WTI), a transcription fac- 
tor, occur both in isolated diffuse mesangial sclerosis and in patients with Denys-Drash syndrome. 

Denys-Drash syndrome is caused by heterozygous mutation in WT]. Onset is typically congenital or 
in the first years of life, Patients may have renal failure at presentation, and typically progress to end- 
stage kidney disease before age 4 years, Clinically, patients with Denys-Drash syndrome are usually 
46XY and have ambiguous external genitalia or male pseudohermaphroditism with female external 
genitalia with streak gonads or abnormal testes and are at risk for Wilms tumor. Occasionally, patients 
are 46XX with nephropathy and Wilms tumor without abnormal genitalia, 

"The earliest renal lesions are characterized by an increase in mesangial matrix and hypertrophic 
podocytes, followed by an increase in mesangial matrix that initially appears delicate and loosely 
‘woven, culminating in further mesangial increase and sclerosis with obliteration of the capillary 
lumens (Figs. 3.42-3.44). There is no increase in mesangial cellularity, and a dense core of disorga- 
nized collagen is present in the sclerotic glomeruli. The overlying podocytes typically are hypertro- 
phic and may appear immature, dense, and cobblestone-like, Occasional epithelial cell proliferation 
may be present (Fig. 345). In contrast to idiopathic FSGS, the deeper corticomedullary glomeruli are 
less affected, Interstitial fibrosis and tubular atrophy is proportional to the glomeruloscleross (Fig. 
3.46) Although tubules may be dilated, this is not a prominent or early feature as in CNF (see earlier). 

"There are no immune complex deposits by immunolluorescence, although variable trapping of 
IgM, Cg, and C3 may be present in the sclerotic mesangial areas. By electron microscopy, the GBM is 
somewhat thickened and foot processes are effaced. 
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FIG. 3.42 Diffuse mesangial sclerosis. Glomeruli show extensive sclerosis, with small, shrunken 
appearance and dense expansion of mesangial matrix, blue on trichrome stain, with litle increase 
in mesangial cellularity. There is associated proportional tubular atrophy and interstitial fibrosis. 
Occasional dilated tubules may be present (Masson trichrome stain, 100) 


"e Е 
FIG. 3.43 Diffuse mesangial sclerosis with typical appearance of dense expansion af collagenous 
material within mesangium with minimal increase in mesangial cellularity. There is associated tubular. 
atrophy and interstitial fibrosis (Masson trichrome stain, x40). 
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with dense sclerosis obliterating the tuft and associated tubular atrophy and interstitial fibrosis- 
Occasional tubules show mild dilation (ones silver stain, x200). 


FIG. 3.45 Diffuse mesangialsderosis with sclerosed expanded mesangial matrix and a fibrocellular 
crescent, but without glomerular basement membrane breaks or fibrinoid necrosis. This type of epithelial 
cell proliferation may be seen in aggressive sclerosing conditions and В not indicative of a primary 
necrotizing rescentic process (Jones siver stain, 00) 


Frasier Syndrome 
Patients with Praser syndrome also have WTI mutations, but do not have early-onset disease 
with diffuse mesangial sclerosis. Onset of proteinuria and renal failure is in late childhood and 
late adolescence. Patients show complete male pseudohermaphroditism with complete gonadal 
dysgenesis and thus appear externally female but do not undergo menarche at puberty. Patients 
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FIG. 3.46 Diffuse mesangial sclerosis with globally sclerosed glomeruli with expansion of mesangial 
matrix and fibrocellular crescent (right) on Jones silver stain and surrounding tubular atrophy and 
interstitial fibrosis (ones silver stain, x400). 


have increased risk of gonadoblastoma developing in the abnormal gonads, but do not develop 
Wilms tumor. 

Renal biopsy demonstrates focal segmental glomeruloscleosis lesions of NOS type by light 
microscopy without immune deposits (Fig. 347). By electron microscopy, some patients with Frasier 
syndrome may show lamelltion and basket-weaving appearance that resembles Alport syndrome, 
although there are no mutations in type IV collagen alpha chains (Fig. 3.48). 


Etiology/Pathogenesis 
WTI is a transcription factor that through DNA binding regulates numerous genes. WTI is crucial 
for development of the kidney and genitalia. In the mature kidney, WTI is expressed in podocytes and. 
controls slit diaphragm proteins and differentiation. 

Various WT! mutations contribute to the spectrum of diffuse mesangial sclerosis, Denys-Drash 
syndrome, and Frasier syndrome. Denys- Drash syndrome typically is caused by heterozygous muta- 
tions in the WT! gene, with this mutation suppressing expression of the remaining normal allele. 
Isolated diffuse mesangial sclerosis has also occasionally been associated with WT! mutations. Diffuse 
‘mesangial sclerosis is rarely caused by mutations in phospholipase C epsilon, but without the assoc 
ated syndrome abnormalities seen in Denys-Drash syndrome, 

Effects of altered WTI on podocyte differentiation have been suggested. This gene encodes a 
transcription factor of the zine finger family, with four transcripts of WTI resulting from alterna- 
tive splicing. Various mutations have been reported, When WT! point mutations in the donor 
splice site in intron 9 occurs, Frasier syndrome results, with focal segmental glomerulosclerosis 
lesions, 

Bilateral nephrectemies are indicated in patients with Denys-Drash syndrome when they reach 
end-stage kidney disease, to prevent development of Wilms tumor in the kidney. Transplantation has 
resulted in а good outcome, without reports of recurrence inthe transplant of nephrotic syndrome or 
glomerular lesions in patients with diffuse mesangial sclerosis or Denys-Drash syndrome or Frasier 
syndrome. 


FIG. 347 Frasier syndrome. Segmental sclerosis of usual type with proportional tubular atrophy and 
interstitial fibrosis are present (periodic acid Schiff, «200 (Case kindly shared by Or. Muhammed 
Fahim Tungekar at st Thomas’ Hospital, London, UK, and Dr. Susan Rigdon and Dr. Patrick O'Donnell 
Guy's Hospital, London, UK) 


FIG. 348 Frasier syndrome. By electron microscopy, irregular, scalloped appearance of the glomerular 
basement membrane is evident, with no immune complex deposits. Foot processes are effaced (transmission 
‘electron microscopy x500). (Case kindly shared by Or. Muhammed Fahim Tungekar at St Thomas Hospital, 
London, UK, and Dr. Susan Rigdon and Dr. Patrick O'Donnell, Guy's Hospital, London, UK) 
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Glomerular Diseases That Cause Nephrotic/Nephritic 
Syndrome: Complement Related 


Ciq NEPHROPATHY 


C1q nephropathy appears to represent a variable pattern of glomerular injury with abnormality in 
complement, defined by the presence of mesangial and occasional capillary wall immunoglobulin and 
complement deposits, with Clq immunofluorescence staining intensity being greater than or equal to 
that of other components. Clq nephropathy occurs primarily in children and young adults, Patients 
typically present with nephrotic syndrome, especially if biopsy shows sclerosing or minimal change- 
type lesions, and may have an active urinary sediment when proliferative changes are present but do 
not have SLE clinically: About a third af patients with sclerosis at time of biopsy develop end-stage 
kidney disease, In contrast, complete emission of the nephrotic syndrome occurs in 77% of those with 
a minimal change-like lesion. Renal disease remains stable in just over half of those with proliferative 
glomerulonephritis at time of biopsy. 

By light microscopy, there is a spectrum of possible glomerular alterations, including no histologic 
abnormalities, mesangial proliferation, focal or diffuse proliferative glomerulonephritis, or focal seg- 
mental glomerulosclerosis with or without associated mesangial proliferation (Figs. 39, 3.50), 

Immunofluorescence microscopy typically shows predominant Clq, along with C3 and immuno- 
globulins (Fig. 3.51), which by definition isnot more than Cla. 

Electron microscopy typically shows foot process effacement and deposits confined to the mesan- 
glum. In cases with proliferation, deposits often extend to subendothelial areas. In cases without pro- 
liferation, foot process effacement is quite extensive and deposits are confined to the mesangium. 
Notably, reticular aggregates, a common feature in patients with lupus nephritis, are absent (Fig. 3.52). 


variety of lesions by light microscopy, 
drom nearly normal to mesangial or focal proliferative or segmental sclerosis. The glomerulus on the 
left shows a small area of segmental sclerosis with adhesion at proximal tubular pole, whereas the 
glomerulus on the right shows segmental proliferation. There is associated mild tubulointerstitial 
fibrosis (periodic acid-Schiff, «200. 
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FIG. 350 Clq nephropathy. There i mild mesangial proliferation and early sclerosis of portions of the 
tuft, with mild periglomerular fibrosis ones silver stain, x400). 


FIG. 3,51 Clq nephropathy. The defining feature af C1q nephropathy is dominant Ста staining by 
immunoflucrescence, typically in a mesangial pattern. Focal peripheral capillary loop extension may 
also be present (anti-Ctq antibody immunafluorescence, #400). 


The etiology and ness are unknown. In our opinion, Clq nephropathy without proliferation 
sual lesion related to MCD-FSGS, whereas those patients with proliferative 


sts an abnormality of 


nay be viewed as an ш 
se more like immune complex disease. The deposition of Clq 
complement re 


lesions bel 


+ Extensive foot process effacement 
+ Absence of morphologic features of lupus nephritis (ie, absence of clinical history of systemic 
lupus erythematosus, no reticul ites ог full house staining by immunofluorescence) 


Note The light microscopic fa ble, from minimal chan 


pe lesions to segmental scle- 


rosis or proliferative lesion 
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FIG. 3.52 Cla nephropathy. There are predominant mesangial dense deposits by electron microscopy. 
There may be variable foot process effacement, as in this case. Important reticular aggregates, a 
characteristic feature of lupus nephritis, аге not present in C1q nephropathy (transmission electron 
microscopy, 5000). 
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C3 GLOMERULOPATHIES 


The term membranoproliferative glomerulonephritis (MPGN) can be used to describe a pattern 
of injury with mesangial expansion due to mesangial and endocapillary hypercellularity and 
increased mesangial matrix, and thickened capillary walls with a double contour, so-called 
track” appearance, This pattern may be seen with immune complex deposition, or monoclonal 
protein deposits, or other organized deposits (as in fibrillary glomerulonephritis), or be related 
to complement-mediated disease, ог represent a response to chronic endothelial injury with only 
cell interposition and no deposits (chronic thrombotic microangiopathy [ТМА]). We will use the 
term MPGN to describe immune complex-medisted injury with this pattern (previously called 
MPGN type I). The immune complexes may be undefined in terms of the inciting antigen 

pathic’), related to autoimmune diseases like systemic lupus erythematosus or lupuslike illnesses, 
or be secondary to chronic infections. Although light microscopy may appear similar in these 
entities, immunofluorescence findings with staining for immunoglobulin and complement and 
corresponding deposits by electron microscopy readily allow recognition of the immune com. 
plexes in MPGN, In contrast, C3 glomerulopathies, which include dense deposit disease and C3 
dominant glomerulonephritis (CGN), show C3 staining only, or dominant СЗ without signifi- 
cant immunoglobulin, with deposits (either very dense, in the aptly named dense deposit disease, 
or of usual density in C3 GN) by electron microscopy. Of note, some biopsies show intermediate 
features between dense deposit disease (DDD) and C3GN by electron microscopy, and underlying 
complement abnormalities also overlap in DDD versus C3GN. The specific factors that underlie 
this spectrum of morphologic appearances are not yet completely understood. However, we will 
discuss these two ends of the spectrum separately, as there appear to be prognostic and clinical 
differences between DDD and C3GN, as discussed later. 


dio 
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Dense Deposit Disease 
Dense deposit disease (DDD) is classified as part of the C3 glomerulopathies (Fig. 3.53), DDD is 
А of the total of immune 


much more rare than immune complex MPGN, accounting for 15-- 
complex MPGN and DDD cases, Patients with DDD typically present with features of nephritic! 
nephrotic syndrome and decreased complements, particularly C3, hypertension, and elevated serum. 
creatinine. Patients typically present with renal insufficiency, and nearly all have hematuria, with 
nephrotic syndrome present in a third of patients. Children were more likely to have reduced C3 
and had less incidence of renal insufficiency than adults in one series. Early components of the 
classic pathway, that is, Clq and СА, usually show normal serum levels. Some patients have par- 

tial ipodystraphy associated with DDD, and ocular drusen may also be present, Average age of 
patients with DDD at diagnosis is 14 years. In another recent series of DDD, slightly more than half 
of patients were adults. Overall, about 20% of DDD patients are older than 60 years, with overall 
‘equal incidence in males and females. On follow-up, а quarter of patients had complete response to 
immunosuppression with or without renin angiotensin system blockade, about half had persistent 
renal dysfunction, and a quarter had end-stage renal disease. Progressive renal failure occurs in the 
majority of patients, with 30-50% reaching end-stage kidney disease within 10 years of onset. Rare 
cases of spontaneous improvement of the disease have been reported. More rapid progression was 
associated with crescents. Clinical predictors of end-stage renal disease were older age, >16 years at 
diagnosis, and higher creatinine at biopsy. Crescents or polymorphonuclear leukocytes (PMNS) in 


FIG. 353 Dense deposit disease. The glomerulus shows a membranoproliferative patter, with 
‘endocapilary hypercellularity and glomerular basement membrane double contours. The glomerular 
basement membrane is altered by dense deposits in a ribbor-like pattem, with mesangial dense 
material as well 
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capillary loops were associated with worse prognosis, whereas focal segmental glomerular lesions 
were les frequently associated with progressive renal disease. Recurrence in the transplant occurs 
їп 60-85% of patients, with about half resulting in graft loss. 

By light microscopy, mesangial proliferation is the pattern most commonly observed, followed 
by endocapillary hypercellularty, often with polymorphonuclear leukocyte (PMN) infiltrate in 
glomeruli in early stages (Pigs. 3.54, 3.55). There may be focal segmental necrotizing prolifera- 
tive lesions with crescents. The GBMs are thickened and highly relractile and eosinophilic. The 
involved areas of the GBM resemble a “string of sausages” The deposits are PAS-positive (Figs. 
3.56-3.58). When the dense deposits replace the glomerular basement membrane, silver staining 
may be weak or absent in segments. The thioflavin T stain also highlights the deposits, as does the 
toluidine blue stain (see Fig, 3.58). Thickening also can affect tubular basement membranes and 
Bowman's capsule. 

Immunofluorescence in DDD shows C3 staining irregularly along the capillary wall, in a smooth, 
granular, or discontinuous pattern (Fig. 3.59). Mesangial bright staining in a distinct globular pat- 
tern within the central mesangial area is highly characteristic of DDD. Immunoglobulin is usually not 
detected, indicating the dense deposits are not classic antigen-antibody immune complexes. However, 
segmental IgM or less often IgG and very rarely IgA have been reported. A cut-off of dominant СЭ at 
least two intensity steps greater than other immune reactants correctly captures around 80% of DDD 
cases as diagnosed by characteristic EM findings. 

By electron microscopy, the lamina densa of the basement membrane in DDD shows a very dense 
transformation without discrete immune complex-type deposits (Figs. 360, 31). Similar dense 
globular deposits are often found in the mesangial areas in addition to increased matrix. Increased 
‘mesangial cellularity or mesangial interposition is far less common than in immune complex MPGN, 


Родосу show varying degrees of reactive changes, from vacuolization, microvillous transformation 
to foot process effacement. Tubular basement membranes and Bowmanis capsule may show similar 
densities as in the GBM. 


Etiology/Pathogenesis 
"The dense material consists of C3 degradation products, demonstrated by mass spectrometry 
studies. DDD patients have underlying abnormalities in regulation of the alternative complement 


FIG. 3.54 Dense deposit disease has membranoproliferative features by light microscopy with 
diffuse, global mesangial and often endocapillay hypercellularity, and frequent glomerular basement 
membrane duplication. The glomerular basement membrane may in some cases appear more refractile 
than in idiopathic membranopraliferatve glomerulonephritis (hematoxylin and eosin, x400). 
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FIG. 3.57 Dense deposit disease. The refractile, dense glomerular basement membrane of dense 
deposit disease is apparent. The basement membrane appears ribbon-lie There is associated 
mesangial and segmental endocapillary hypercellularity with occasional, segmental interposition 
(ones silver stain, 1000). 


FIG. 3.58 Dense deposit disease. On plasticembedded sections, the ribbon-like dense transformation. 
of the entire glomerular basement membrane is apparent. There is associated mesangial and 


endocapillary hypercellularity (toluidine blue stain, x1000). 


pathway with uncontrolled activation of C3 convertase, DDD is thus grouped in the broader 
category of C3 glomerulopathy. C3 nephritie factor (C3NeE) stabilizes the C3 convertase C3bBb, 
resulting in alternate pathway-mediated C3 breakdown. C3NeP is detected in 80-85% of DDD 
patients, DDD sometimes occurs in association with partial ipodystrophy, a condition with loss 


of adipose tissue, decreased complement, and presence of C3NeF. Further, a porcine model of fac- 
tor H deficiency has similarities to DDD. Factor H inactivates factor C3b Bb. Inadequate factor H 
activity, ether due to deficiency or antibody to factor H, has been observed in some patients with 


DDD. These associations indicate that abnormal complement regulation predisposes to DDD. 
However, some patients with partial lipodystrophy and C3NeF do not have DDD, further indica- 
tion that complement abnormalities alone are insufficient to produce the disease, and that addi 
tional triggers likely tip toward unfettered complement dysregulation. 


FIG. 3,59 Dense deposit disease. There is typically only complement positivity in dense deposit disease, 
with chunky mesangial and coarse, irregular capillary loop positivity. Immunoglobulin staining is 
typically absent, indicating that there are по true immune complex type (е, antibody-antigen) 
deposits (anti C3 immunafluorescence, x400} 


FIG. 360 Dense deposit disease. There is dense transformation of the glomerular basement 
membrane, with associated endocapillary and mesangial hypercellularity and occasional large, 
globular mesangial densities (transmission electron microscopy, 8000). 
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FIG. 3.61 Dense deposit disease. There is dense transformation of nearly the entire thickness of 
the glomerular basement membrane, with associated endocapillary hypercellularity. Overlying foot 
processes are extensively effaced. The transformed material contains complement components 
(transmission electron microscopy, 20,250). 


^o Membranoproliferative or mesangial proliferative features by light microscopy 

+ CS-only or C3-dominant deposits by immunofluorescence 

+ Dense transformation of glomerular basement membranes with round, nodular deposits in 
mesangium by electron microscopy 
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єз Glomerulonephi 
C3 glomerulonephritis (CGN), part of the spectrum of C3 glomerulopathy, is an uncommon disor- 
des, with an average age of onset of around 30 years, but with a wide reported range, from 7 to 70 years 
‘Overall, C3 glomerulopathy patients are on average 21 years at diagnosi, with younger age in DDD 
patients than in CGN, Patients typically have subnephrotie proteinuria, and most have microhema- 
turia, with nephrotic syndrome present in about 15%, Up to 40% of C3GN patients have low serum. 
C3. C3 nephritic factor is les commonly present than in DDD. About half of patients presented with 
hypertension and slightly more than half had evidence of impaired GFR at presentation. About half 
of these patients maintained normal renal Function, with about 25% progressing to end-stage renal 
disease. Amongst C3GP patients, age >16 years and crescents indicated worse prognosis, and DDD 
patients progressed more frequently than those with C3CN. Recurrence in the transplant developed in 
about two-thirds in one small series, with graft loss within 5 years in one-third. 

Light microscopic findings are variable, with half to two-thirds of patients showing a membra- 
noproliferative pattern by light microscopy with mesangial and endocapllary hypercellulrity with 
duplication of GBMs (Figs, 3.02, 3.63). About a quarter of cases show only mesangial proliferation, and 
about 20% show diffuse endocapillary hypercllularty without GBM double contour: 
proportion of cases with an exudative (around 12% in one series) or crescente (about 5% in one series) 
appearance, Correspondingly, in а third of cases, deposits showed only a mesangial and subepithelial 
distribution without subendothelial deposits or mesangial proliferation. 

Immunofluoreseence microscopy can show isolated СЗ deposits without Clq or IgG (Figs. 364, 
365). However, biopsies at different stages of disease may show varying immunoglobulin (1g). A cut-off 
‘of C3 intensity two steps stronger than any other immune reactant has broadened recognition of cases of 
C3 glomerulopathy and this cut-off included about 80% of DDD eases. Of note, in some cases, Ig deposits 
may not be detected by frozen section immunofluorescence (IF), but are evident after pronase digestion 


with a small 
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FIG. 3.62 C3 glomerulopathy. In C3 glomerulonephriti there is frequently a membranoproliferative 
appearance аз shown here, with endocapillary hypercellularity and occasional double contours of 
glomerular basement membranes. There is also proportional interstitial fibrosis and tubular atrophy 
ones silver stain, x200). 


FIG. 3.63 C3 glomerulopathy. This case of C3 glomerulonephritis demonstrates mesangial proliferation 
and variable endocapillary hypercellularity with double contours of the glomerular basement 
membranes on Jones silver stain. Small adhesions are also present (ones silver stain, x400). 


on fixed tissue, unmasking an immunoglobulin component of deposits. Thus, consideration of adding 
pronase digestion in cases with C3 only deposits could be considered, to avoid misdiagnosing such cases 
эв CGN, rather than immune complex disease, The sensitivity and best cutoff for allowable Ig deposi- 
tion to diagnose CGN is not precisely known. We recommend а signout of "C3 dominant GN" in cases 
with C3 dominance (ie, C3 at least two intensity steps stronger than other immune reactants) and EM. 
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FIG. 3.64 C3 glomerulopathy. In cases of C3 glomerulonephritis there is, by definition, intense C3 by 
immunafluorescence, in a mesangial and chunky, irregular capillary loop pattern, with minimal or no 
immunoglobulin staining (anti-C3 immunofluorescence, x200). 


FIG. 3.65 C3 glomerulopathy, In C3 glomerulonenhrits there is irregular, chunky ta granular capillary 
loop and mesangial staining evident with C3 with minimal ог no staining by immunoglobulin (anti-C3 
immunofluorescence, x400). 


deposits supportive of possible CGN. Further workup for possible complement dysregulation may then 


sits mirror the light 


indicate whether the lesion indeed represents а C3GN. The localiza 
llary loop deposits 

occasional subepithelial deposits, includ- 
humps, can be present, without dense transformation of the GBMs (Fig. 3.66). The 


ubendothelial deposits show varied appearance, but often show a characteristic slender elongated 


m of C3 dep 


microscopie pattern, with mesangial and scattered сар 


By electron microscopy, mesangial, subendothelal 


ing occasional 
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FIG. 3.66 C3 Glomerulopathy. In СЗ glomerulonephriis, mesangial and subendothelial deposits are 
apparent by electron microscopy. These diffe from dense deposit disease (DDD) in that they are not 
replacing the lamina densa, nor do they have the unusual dense appearance of DDD (transmission 

electron microscopy, 5000- 


appearance, with density only slightly increased compared with the GEM. Lesions previously classified 
as MPGN type Ш show, in addition to the subendothelial and mesangial deposits, numerous subepi- 
thelial deposits by EM, in addition to dominant C3 by IF (Fig. 3.67). C3 nephritie factor or comple- 
ment regulatory gene mutations have been found in many of these patients, and it appears that MPGN 
type II is part of the spectrum of СЗ glomerulonephritis. 


Etiology/Pathogenesis 
C3 glomerulopathy encompasses a group of disorders with isolated or dominant (two steps greater than 
other immune reactants) C3 deposition in glomeruli, and includes DDD (see earlier), C3 glomerulonephri- 
tis, and those with specific genetic cause uncovered, for example, complement factor H-related (CFHRS) 
nephropathy. Abnormalities of complement regulatory proteins have been identified. Factor H is a key 
inhibitory molecule that controls constant tickover and activation of C3 in the circulation. Acquired anti- 
bodies to factor Н, C3NeF (an autoantibody to СЗ convertase, detected in about half of patients), genetic 
deficiency of factor H, or of other alternative complement pathway proteins, such as CFHRS, or mutation 
resulting in a hybrid СЕНЕЗ-1 gene (associated with frequent subepithelial deposits, resembling classic 
"MPGN type III), or mutation resulting in duplicated СЕНА1 have been detected in patients with C3 
gomerulonephritis. CFHRS was first diagnosed in two Cypriot families with inherited renal disease with 
morphologic findings of C3GN. In these kindreds, 80% of men but only 21% of women older than 50 
years reached end-stage kidney disease, with reasons for this sex inequality unknown. Overall, the identified 
mutations indicate that abnormal СЕНА proteins promote unusual dimer and/or multimer formation that 
impacts on C3 regulation within the ld phase in the glomerulus, resulting in abnormal C3 deposition- 
Of note, some patients may present after an infection, and have initial biopsy appearance typical of 
postinfectious glomerulonephritis, with exudative proliferative appearance, strong C3, and lesser IgG. 
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FIG. 367 C3GN. There may be occasional subepithelial or more frequently transmembranous 
deposits in cases that otherwise appear as MPGN. These lesions may mest morphologic criteria for the 
previously used diagnosis MPGN Il, which commonly has presence of C3 nephritc factor. Occasional 


ransmembranous deposits may, however, be found in any type of МРСК lesion (transmission electron 
microscopy, «17, 125) 


However, а prolonged atypical clinical course has led to rebiopsy in some such patients, which showed. 
typical C3 dominant glamerulonephritis, and abnormalities, including mutations and/or autoantibodies 
affecting key complement regulatory molecules, were then uncovered. In some adult patients, CGN 
related to an underlying monoclonal protein has been observed, where the monoclonal protein appar- 
cently triggers C3 activation, but there is no deposition of the monoclonal protein itself within the kidney. 


Key Diagnostic Findings in C3 Glomerulonephritis 


= Dominance of C3 staining 
‘+ Absent or scanty immunoglobulin deposition in glomeruli 


Differential Diagnosis of СЗ Glomerulopathy 


+ Dense deposit disease: characteristic dense transformation of glomerular basement membrane 
and dense deposits in mesangium. 

= C3 glomerulonephritis: dominant C3 (at least two intensity steps greater than other immune reac- 
tants) with no or sparse immunoglobulin deposits, exclusion of postinfectious glomerulonephritis. 
C3GN patients often have complement regulatory protein mutation, for example, factor H or 1. 

+ CFHRS nephropathy (familial C3 glomerulonephritis associated with heterozygous mutation 
in CFHIRS); isolated C3 deposits, subendothelial deposits by electron microscopy 

‘+ Infection-associated glomerulonephritis may have C3GN appearance. Clinical follow-up may 
be necessary for ultimate diagnosis 
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Glomerular Diseases That Cause Nephrotic Syndrome: 
Immune Complex 


MEMBRANOUS NEPHROPATHY 


Membranous nephropathy was until recently the most common cause of nephrotic syndrome in adults 
in the United States, recently surpassed by FSGS. Half of patients show microscopic hematuria, but 
do not have active urine sediment. The peak incidence is in the fourth and fifth decades, with men 
affected more commonly than women (male/female ratio 2:1). Approximately one-third of patients 
may develop slowly progressive renal disease. 

Membranous nephropathy is due to diffuse, global subepithelial deposits (Fig, 3.68). At an. 
early time point, these may be only evident by light microscopy by a more rigid-appcering cap- 
illary wall without visible deposits (Fig. 3.69). In favorable tangential sections, small areas of 


FIG. 3.68 Membranous nephropathy. (A) There is no evident proliferation by light microscopy, with 
global subepithelial deposits, which may be visualized by ight microscopy by the glomerular basement 
membrane spike reaction on silver stain. 

Continued 
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FIG. 368, cont'd (В) In the earliest stages, the deposits that do not stain with silver may be seen 
in tangential sections as holes, producing а corkboard appearance. (С) Early basement membrane 
reaction develops, visualized as small spikes on silver stain, as the disease progresses. 
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FIG. 3.68, cont'd (0) In more advanced stages, the basement membrane reaction may encircle the 
deposits with ensuing double contours and a ladder-type appearance on silver stains. (E) In far 
advanced cases, deposits may become partially resorbed, leaving a rarefied area of the GBM as seen by 
electron microscopy. 
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FIG. 3.69 Membranous nephropathy. Stage 1 membranous nephropathy does not show evident 
spikes by light microscopy. Only rare appearance of "holes" are evident, with a slightly more rigid 
appearance of the glomerular basement membrane (Jones silver stain, А00). 


FIG. 370 Membranous nephropathy. In some cases of stage 1 membranous nephropathy, an 
appearance of holes may be seen in tangential sections on the silver stain, since the deposits do not 
Stain with Jones stain. This gives а corkboard, bubbly type appearance (Jones silver stain, x1000). 


lucency seen on Jones silver stain may be detected, representing the lack of silver staining of the 
deposits (Fig. 3.70). These so-called holes are the earliest manifestation of membranous перћгор 
athy by light microscopy. As deposits persist, the GBM matrix reaction produces small spike-like 
protrusions visualized by silver stain (Figs. 3.71-3.73). With progressive basement membrane 
reaction, the matrix encircles the deposits resulting in a lace-like splitting or laddering appearance 
of the GBM on silver stain (Fig, 374). The morphologic findings related to these subepithelial 
deposits have been divided into stages (see later). 

Additional lesions may be present, ranging from crescents to sclerosis. Segmental sclerasis, interstitial 
fibrosis, and tubular atrophy are associated with worse prognosis (Figs. 3.75, 376). Rarely, crescents may 
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FIG. 371 Membranous nephropathy. In early stage 2 membranous nephropathy, small, stubby spike-like 
projections are seen, representing the basement membrane reaction to the subepithelial deposits. This 
gives a thick, “fuzzy rope” appearance to the glomerular basement membrane Jones silver stain, 00) 


FIG. 3.72 Membranous nephropathy. There are well-developed spikes and "holes" in tangential 
sections in stage 2 membranous nephropathy (Jones silver stain, 1000). 
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FIG. 373 Membranous nephropathy. In late stage 2 membranous nephropathy, the glomerular 
basement membrane is markedly thickened because of extensive basement membrane spike reaction 


around the deposits Jones silver stain, 1000 


FIG. 374 Membranous nephropathy. In stage 3 membranous nephropathy, the basement 
membrane reaction encircles the deposits, giving rise to a bubbly, double contour appearance of 
the glomerular basement membrane. This can readily be distinguished from membranoproliferative 
‘lomerulonephrits because of the lack of associated endocapilary hypercellularty, Further, 

‘the subepithelialtransmembranousiintramembranous location of the deposits ls resolved by 
immunafluorescence and electron microscopy (lanes silver stain, x400). 


be found in cases of apparent idiopathic membranous nephropathy, but are more common with lupus 
associated lesions (Fig. 3.77). Crescents in membranous nephropathy in patents without evidence of SLE 
should thus raise suspicion ofa separate addtional disease process, notably anti-GBM antibody-mediated 
glamerulonepheitis or antineutrophil cytoplasmic antibody (ANCA)-associated glomerulonephriis. 

Ву immunofluorescence, Ње subepithelial deposits are visualized as diffuse, global granular pos 
tivity along the capillary wall (Figs. 3.78-3.80), Immunofluorescence microscopy is more sensitive 
‘than either light microscopy or electron microscopy for detection of deposits and is very finely granu- 
lar in Stage 1, and coarsely granular with more advanced stages. IgG is typically the predominant 
immunoglobulin, and C3 is most often also present, In addition, mesangial deposits are typically pres- 
entin secondary membranous glemerulopathy and are absent in most cases of idiopathic membranous 


FIG. 3.75 Membranous nephropathy. There may be associated sclerosis with tubulointerstitl fibrosis 
in more advanced membranous nephropathy, as shown here (Jones silver stain, 100). 


FIG. 3.76 Membranous nephropathy. Membranaus nephropathy may alsa have associated segmental 
sclerosis as it becomes more chronic. This 1s not indicative of a second idiopathic sclerosing process but 
rather is thought to reflect the ongoing chronic injury, and it is associated with worse prognosis. By 
light microscopy, the small spikes and thickened glomerular basement membrane are evident, with the 
diagnosi of membranous nephropathy confirmed by immunofluorescence and electron microscopy 
ones silver stain, x400). 


nephropathy. When IgA, IgM, and Clq are also present in addition to mesangial deposits, the pos 
sibility of secondary membranous nephropathy due to SLE should be considered. Although IgG4 
is dominant in idiopathic membranous nephropathy, versus [gG1 in lupus membranous nephritis 
and 181 and 1804 in membranous nephropathy associated with malignancy, there is some over- 
lap, and these IgG subtypes are not definitive in discerning primary membranous nephropathy versus 
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FIG. 3.77 Membranous nephropathy. Idiopathic membranous nephropathy may rarely be 
associated with crescents. Crescents are more commonly seen with secondary causes of membranous 
nephropathy, particularly due to systemic lupus erythematosus. The thickened glomerular basement 
membrane was shown ta contain subepithelial deposits by immunofluocescence and electron 
microscopy (Jones siver stain, x400) 


FIG. 3.78 Membranous nephropathy. There is an evenly distributed granular capillary loop pattern of 
positivity in membranous nephropathy, corresponding to the evenly distributed subepithelial deposits. 
Deposits in idiopathic membranous nephropathy stain predominately with IgG, with lesser amounts of 
а (anti1g6 immunofluorescence, 400). 
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FIG. 379 Membranous nephropathy. In secondary membranous nephropathy, there is 
often associated mesangial staining, along with a granular capillary loop staining (anti-gG 
immunofluorescence, x200) 


FIG. 380 Membranous nephropathy. The granularity of the capillary loop deposits characteristic of 
membranous nephropathy is evident (anti-igG immunofluorescence, x400) 


malignancy-associated cases. Positive 


anular glomerular capillary wall staining for phospholip 
apparent primary membranous nephrop- 
s nephropathy. 


A2 receptor, now recognized as the antig 


athy indicates likelihood ofa primary membrar 


By electron microscopy, deposits corresponding to the stage of membranous glomerulopathy are 
visualized, with varying surrounding GBM reaction. In early stage 1 membranous 


icphropathy, depos- 
п, corresponding to 
he lack of spikes evident by light microscopy ( ). In stage 2 membranous nephropa- 

ion is present ( J. In stage 3 membranous nephropathy. the 
deposits are encircled by the GBM reaction ( ). In stage 4 membranous nephropathy, the 


its may be extremely small and inconspicuous with no surr 


nding GBM re 


hy, well-formed spike 
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FIG. 3.81 Membranous nephropathy. The deposits are inconspicuous by electron microscopy in stage 1 
membranous nephropathy, with blunting and partial effacement of overiying foot processes. There is 
mo surrounding basement reaction (transmission electron microscopy, x800) 


FIG. 3:82 Membranous nephropathy. There are slightly larger deposits underneath the podocyte, 
without surrounding spike reaction in this stage 1 membranous nephropathy (transmission electron 
microscopy, х9000). 
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FIG. 3:33 Membranous nephropathy. In stage 2 membranous nephropathy, there are well developed 
basement membrane reactions surrounding the evenly distributed subepithelial deposits (transmission 
electron microscopy «1200. 


FIG. 34 Membranous nephropathy The welt developed basement membrane reaction surrounding 
the deposits is evident in stage 2 membranous nephropathy, with overlying foot process effacement 
(transmission electron microscopy, 8000), 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult com. 
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FIG. 3.85 Membranous nephropathy. In early stage 3 membranous nephropathy, the basement 


membrane reaction encircles the deposits, and there is early resorption of the deposits. Overlying foot 
processes are largely effaced (transmission electron microscopy, х8000) 


deposits are resorbed, leaving behind rarefied, lucent areas (Figs. 3.87, 3.88). Varying depths af depos 
ite with transmembranous and deep deposits have been linked to worse prognosis. 

‘The podocytes show diffuse effacement of foot processes. When mesangial deposits are pres- 
ent, the possibility of a secondary etiology of membranous nephropathy should be considered 
(Pigs. 3.89, 3.90). If reticular aggregates are present in endothelial cell cytoplasm, the possibility 
of lupus-associated membranous nephropathy (ISN/RPS class V) should be considered. 


Etiology/Pathogenesis 
Most cases of previously termed "idiopathic" membranous nephropathy are caused by antibodies to 
the phospholipase A2 receptor (PLA2R), which is expressed on the podocyte. Circulating antibodies 
to PLA2R are predominantly IgG4, and subepithelial deposits are then thought to arise from autoan- 
tibody and local shedding of PLA2R, identified by immunofluorescence (see Fig. 3.90) with in situ 
immune complex formation. HLA-DQAI variants are associated with increased risk for development 
of such autoantibodies, This colocalization is in contrast to secondary membranous nephropathy 
where other classes of IgG may be detected and PLA2R is not shed from the podocyte. Serum anti- 
PLAZR antibodies can be detected in about 70% of patients with primary membranous nephropathy 
and may correlate with disease activity: 

“Thrombospondin type-I domain-containing 7A is the antigen in a small proportion of PLA2R- 
negative patients with primary membranous nephropathy: 

Infectious agents, including bacterial, viral, or parasitic drugs or thyroglobulin, may also be 
the antigen in secondary membranous nephropathy: Numerous entities have been associated with 
membranous nephropathy, but causality has only been established for some, including hepatitis В, 
Hashimoto thyroiditis, SLE, syphilis, penicillamine, gold (Fig. 3.91), mercuric chloride, and Sjogren 
syndrome, Patients with IgG4-related sclerosing disease, which primarily affects the tubulointerst 
tium, may have associated membranous nephropathy: Some patients have PLAZR- positive NSAIDs- 
associated membranous nephropathy. indicating that exogenous injury can cause formation of this 
autoantibody. De novo membranous nephropathy in the kidney transplant, in contrast, is more 
likely due to antibody-medisted rejection, and is largely PLA2Rnegative. Cationic bovine serum. 
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FIG. 3.86 Membranous nephropathy. Stage 3 membranous nephropathy is illustrated, with early 
resorption and basement membrane reaction overlying the deposits The tangential section of 
basement membrane corresponds to an area with apparent pinpoint "holes" seen on silver stain 
by light microscopy, since the electron-dense deposits do not stain by Jones stain, whereas the 
surrounding basement membrane does (transmission electron microscopy, «8000 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult.com. 


albumin (from cow's milk) was present in deposits of membranous nephropathy in some children. 
Malignancies, in particular some carcinomas, sarcomas, and leukemias, have been linked to mem- 
branous nephropathy, but definitive proof of causal linkage, that is, circulating antibody-antigen 
immune complexes and tumor antigen within the deposits, is lacking in most instances. Interstitial 
fibrosis and segmental sclerosis are associated with worse prognosis. 


^ Extensive subepithelial deposits, evidenced as "holes" (e, areas of lucency on silver stain) or 
spikes, granular capillary loop staining by immunofluorescence 

= Most cases of primary membranous nephropathy have PLA2R-positive deposits 

+ Extensive subepithelil/intramembranous deposits by electron microscopy. 
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FIG. 3:87 Membranous nephropathy. In stage 4 membranous nephropathy, there is resort 
deposits Some deposits still remain with surrounding halo or resorption, and the basement membrane 
reaction encircles the deposits in this largely sderosed segment (transmission electron microscopy, 


КҮ) 


l Diagnosis of Membr 


‘A granular capillary loop pattern may occasionally be seen in fibrillary glomerulonepheitis, 
‘which bas typical fibrillary deposits by electron microscopy and smudgy appearance of depos- 
its by immuunofluorescence, and mesangial deposits 

‘Mesangial deposits are typically present in secondary membranous nephropathy 

‘Mesangial deposits and the additional presence of reticular aggregates and/or full house stain- 
ing suggest membranous lupus nephritis 
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FIG. 3.88 Membranous nephropathy. In stage 4 membranous nephropathy, deposits аге largely 


resorbed, with small electron-dense subepithelial deposits overlying the resorbed areas, indicating 
ongoing active immune complex deposition (transmision electron microscopy, «4400. 


FIG. 3.89 Membranous nephropathy. In secondary membranous nephropathy, there is mesangial 
‘expansion, associated with mesangial deposits, in addition to the peripheral loop subepithelial 
deposits. This patient's disease was related to hepatitis В infection (Janes silver stain, x400). 
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FIG. 350 Phospholipase AZ receptor (PLAZR)-positive membranous nephropathy. There is an evenly 
distributed granular capillary loop pattern of positivity for PLAZR in this case of membranous 
nephropathy, corresponding to the evenly distributed subepithelial deposits seen by electron 
microscopy, and by standard immunafluorescence. About 70% of apparent primary membranous 
nephropathies have capillary wall deposits that stain for PLAZR (anti-PLAZR immunofluorescence, 
00) 
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FIG. 3.91 Membranous nephropathy. In rare cases of secondary membranous nephropathy, the 
etiology may be definitively determined. In this сазе, rare gold particles were found within, 
lysosomes in tubules, providing a causal etiology for this patients secondary membranous 
nephropathy (transmission electron microscopy, 14,000) 
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MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS 


Membranoproliferative glomerulonephritis (MPGN) is a lesion caused by subendothelial and 
mesangial immune complet deposits, and may also be a pattern of injury seen with chronic endo 

thelial injury and with some types of monoclonal protein deposits (see earlier, in discussion on 
C3 glomerulopathies). Idiopathic MPGN is more common in children and young adults, whereas 
MPGN-type lesions are more commonly secondary to chronic infections in adults. MPGN typically 
presents as combined nephritic/nephrotic syndrome with hypacomplementemia with decreased C3, 
It occurs mostly in children and young adults, and as a lesion secondary to, for instance, chronic 
infections in adults. The incidence of MPGN appears to have decreased in children in the past 
decades, for unknown reasons. Children with MPGN tend to be older than children with DDD 
(also called MPGN type II by some, see Dense Deposit Disease). The presence of the C3 nephritic 
factor (C3NeF) is more rare, and concurrent partial lipodystrophy is very rare in MPGN, compared. 
‘with their relative frequency in DDD and C3 dominant glomerulonephritis (CGN). Patients often 
have progressive renal disease, with about 50% renal survival at 10 years. Clinical indicators of poor 
prognosis are hypertension, impaired renal function, and nephrotic syndrome. MPGN 

the transplant in about one-third of patients, and may lead to graft loss, particularly if crescents are 
present. MPGN can also occur de novo in the transplant, most often related to hepatitis C infection 
and cryoglobulinemia (see Cryoglobulinemic Glomerulonephritis). 

MPGN (also called mesangiocapillary glomerulonephritis) was previously divided into three 
types, all with similar light microscopic appearance. The entities previously called MPGN type 
Il and Ш are now recognized to be C3 glomerulopathies, with underlying complement dysregu- 
lation, and paucity or absence of true immune complexes (ie, little or no immunoglobulin in 
deposits). The MPGN lesions due to immune complexes are now referred to simply as MPGN. 
The MPGN lesion is characterized by global and diffuse mesangial and endocapillary hypercell 
larity contributed to in part by proliferation of glomerular cells, with influx of inflammatory cells, 
‘with increased mesangial matrix and double contours of the СВМ on silver stain, the so-called 
“tram-track" appearance (Fig. 3.92). The glomerular tuft often shows a lobular simplification 
(Figs. 3.93-3.97). Increased mononuclear cells and occasional neutrophils may be present. The 
ypescellularity is typically uniform and diffuse in idiopathic MPGN, contrasting the irregular 
involvement with proliferative lupus nephritis. In some cases, the glomeruli may appear more 
solid and nodular (Fig. 3.98). The capillary wall is thickened with a double contour by silver stains 
(Figs, 3.97, 3.99), This appearance results from the presence of subendothelial deposits and so- 
called circumferential interposition, whereby infiltrating mononuclear cells, occasional mesangial 
cells, or even portions of endothelial cells interpose themselves between the endothelium and the 
basement membrane, with new, inner basement membrane being laid down. A circumferential, 
ог partial, double-contour basement membrane results. In secondary forms of MPGN, the injury 
may be more irregular. Crescents may occur in both idiopathic and secondary forms (see Fig. 
3.98). Greater than 20% crescents have been associated with worse prognosis. Lesions progress 
‘with less cellularity and more pronounced matrix accumulation and sclerosis over time. Tubu- 
lointerstitial fibrosis and vascular sclerosis proportional to glomerular scarring are seen late in the 
course. Tubular atrophy and interstitial fibrosis indicate worse prognosis. 

Similar ight microscopic appearances may be seen in class IV diffuse lupus nephritis, cryoglobu- 
linemic glomerulonephritis (GN), proliferative GN with monoclonal deposits, fibrillary GN, and C3 
glomerulopathies, all with distinct immunofluorescence and/or electron microscopie appearances. OF 
note, glomerular basement membrane double contours may be seen in other non-immune complex 
injuries, characterized by chronic endothelial injury with interposition of cells by electron microscopy. 


FIG. 382 Membranoproliferative glomerulonephritis (MPGN). (A) MPGN is characterized by endocapillry proliferation! 
hypercellularity and glomerular basement membrane double contours, due to mesangial and subendothelal deposits, 
with resultant interposition and new basement membrane being laid down, causing the "spit" appearance. (B) In the early 
stages of evolution to MPGN lesions, only mesangial and endocapilary hypercelluarty may be seen by light microscopy, 
without GBM reaction yet. (C) Interposed cells, comprising both monacytelmacrophages and mesangial cells, migrating in 
between the GBM and the endothelium, are present in response to the subendothelial deposits. (Р) Interposed cells and 
пен GEM reaction develop in response to the subendothelal deposits. These cells and deposits do not sain with sîver, 
and thus the capillary wall has a double contour, "tram-track" appearance on silver stain. 
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AIG. 553 Membranenrelferative lomerulonephrti (PGN) MPGN is characterized by fuse 
endoranillay Пурата ато, which resus n a дай; uniform appearance cf omen (periodic 
se Sch, 10) 


FIG. 3.94 Membraneproliferative glomerulonephritis (MPGN). There в diffuse endocapillary 
hypercellularity with extensive duplication of the glomerular basement membrane, with frequent 
eosinophilic deposits within the capillary wal. There is marked mesangial and endocapillary 
hypercellularity with a lobular appearance (Jones silver stain, x200). 


hhypercllularity, with widespread double contours of the glomerular basement membrane, so-called 
tram-tracking (Jones silver stain, х400). 


hypercellularity with proliferation extending to peripheral capillary lumens (endocapilary 
proliferation hypercelulrity), with only segmental glomerular basement membrane double contours 
in this case. In idiopathic МРН, the endocapillary hypercellularity is typically global and diffuse, while 
in secondary cases, the lesions may be more focal and segmental (ones silver stain, 400). 


“These include the organizing phase of thrombotic microangiopathy, radiation nephritis, chronic 
transplant glomerulopathy, or in sickle cell disease. Although light microscopy may appear similar 
to MPGN, immunofluorescence findings and electron microscopy readily allow recognition of the 
immune complexes in MPGN. 

The immunofluorescence findings are variable in MPGN. Typically IgG and IgM and C3 are pres 
ent in an irregular, chunky capillary and mesangial distribution (Figs. 3.100-3.103). IgA is present in 


CHAPTER З GLOMERULAR DISEASES 


FIG. 3.97 Membranopreiiferative glomerulonephritis (MPGN). There i segmental interposition of cell 
with duplication of peripheral capillary glomerular basement membrane along with subendothelial 
deposits (Jones silver stain, 1000, 


FIG. 358 Membranoproliferative glomerulonephritis (MPGN). In some cases of MPGN, there may 
be nodular glomeruloscerasis and massive deposits. Occasional polymorphonuclear leukocytes are 
also present, їп addition to the mesangial and endocapillary proliferation. А small incipient cellular 
crescent is present. These morphologic features suggest the possibility of a secondary etiology of the 
MPGN lesion (ones silver stain, x400). 


only a small proportion of cases. C3 staining may be dominant, with minor lg components, which 
suggests possible C3 glomerulonephritis as the underlying cause of the lesions. The peripheral loop 
deposits visualized by IF typically are sausage shaped and have a smooth outer edge because they are 
subendothelial and molded under the GBM (see Fig 3.103). 

By electron microscopy, MPGN shows numerous deposits in subendothelial and mesangial areas 
(Pigs. 3.104-3.107). The “subendothelial” deposits actually more commonly lie within the GBM, 
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3.99 Membranoproliferative glomerulonephrits (MPGN). Large subendothelal deposits and 
interposed cells are evident, along with endocapilary hypercellularity. A smaller subendotheli 
deposit is present at the far right, with small nodular expansion in the middle and let capillary loops 
(Game case аз in Fig. 3.98) lanes silver stain, «1000 


immediately under the original lamina densa, with new basement membrane underneath (see Fig. 
3.107). Vague wormy or microtubular substructure suggests a possible cryoglobulin component (see 
Fig. 3.106). Cellular interposition is present. This term refers to the interposition of cytoplasmic pro- 
cesses of mesangial or mononuclear cells between the endothelial cell and the basement membrane 
(Fig. 3.108). Monocyte interposition is particularly common when the MPGN lesion is related to cryo- 
slobulinemia, New glomerular basement material is present immediately under the swollen endothe- 
lial cells, resulting in the double contours ofthe basement membrane seen on silver stain. The overlying 
podocyte foot processes are effaced. 

‘Of note, in non-immune complex diseases with GEM double contours seen by light microscopy 
(eg. transplant glomerulopathy, chronic thrombotic microangiopathy), electron microscopy shows 
thatthe double contour results from widening of the GBM as a result of increased lucency of the lam- 
ina rara interna and cellular interposition without immune complexes, with new basement membrane 
formed underneath the endothelium. 


Etiology/Pathogenesis 
MPGN-like lesions can occur secondary to a number of chronic infectious processes, including hepa- 
їй В, hepatitis C, subacute bacterial endocarditis, cryoglobulin, syphilis, and so on, which are dis 
cussed separately: Morphologic features do not allow precise classification of the underlying agent in 
most cases of MPGN. MPGN-type lesions may occur as а result of inherited or acquired dysregulation 
of complement (see earlier, C3 Glomeralopathies) sometimes with partial ipodystrophy. In adults in. 
the United States, many patients with MPGN have associated hepatitis C infection, This association has 
not been seen in children with MPGN. These hepatitis C- positive cases often show vague substruc 
ture of deposits, with short, curved, vaguely fibrillar deposits suggestive of mixed cryoglobulinemia 
(see Ceyoglobulinemic Glomerulonephritis). Features suggestive or even diagnostic of cryoglobulin. 
as an underlying cause of MPGN include strongly PAS-positive "eryoplug” in capillary lumina, vas- 
culis, predominant IgM deposits, sometimes with clonality or clonal shift of the light chain stain- 
ing, and vague substructure of deposits by electron microscopy. Morphologic clues of an underlying 
chronic bacterial infection causing MPGN-type lesions are the presence of hump-type subepithelial 
deposits (see Postinfectious Glomerulonephritis). Dominant СЗ and scanty Ig suggest possible C3 
glomerulonephritis, 
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FIG. 3.100 Membranoproliferative glomerulonephrits (MPGN). There is irregular, chunky capillary 
loop and mesangial staining in MPGN, with coarse, subendothelial deposits with a molded, smooth 
outer contour (ant-g immunofluorescence, x100). 


FIG. 3.101 Membranoproliferative glomerulonephrits (MPGN). In addition to IgG, there is often very 
prominent complement deposition in MPGN, with prominent mesangial and coarse, chunky peripheral 
{оор deposits, corresponding ta the subendothelil deposits (апи СЗ immunatluorescence, 100} 


FIG. 3.102 Membranoprolierative glomeruionephritis(MPGN). The smooth outline of the sausage 
shaped, chunky peripheral loop deposits в evident along with the scattered mesangial deposits. The 
smooth outer contour of the peripheral loop deposits reflects their subendothelial locaton, with 
molding under the glomerular basement membrane (anti-C3 immunofluorescence, x200). 


FIG. 3.103 Membranoprolierative glomerulonephritis (MPG). Both complement pathways are typically 
activated in MPGN, with frequent Cig positivity in addition to C3. The subendothelal location of the 
peripheral deposits is evident by their smooth outer contour (anti-Ctq immunofluorescence, 400) 
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FIG. 3.104 Membranoproliferative glomerulonephrits (МР6), There are massive subendothelial 
deposits in the right loop, with minimal endocapillary hypercellulaity, and small, siver-like deposits on 
the left and top loops, with associated hypercellularity. Scattered mesangial deposits are also present. 
There is subtotal effacement of overlying foot processes, The smooth outer contour of the deposits is 
also evident by immunofiuorescence (see Figs. 3.102, 3.103) (transmission electron microscopy, »8000), 
To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult.com. 


^ Double contour appearance of glomerular basement membrane by light microscopy. 

^ Endocapillary hypercellularity 

‘+ Chunky, irregular mesangial and capillary loop staining, typical sausage-type deposits under 
lying basement membrane (IgG dominant [or IgM, suggesting cryoglobulin] with comple 
ment C3 and Cl) 

^ Subendothelil and mesangial deposits by electron microscopy. 


FIG. 3.105 Membranoprolierativeglomerulonephritis (MPGN). There is marked endocapillary 
hypercellularity, with small subendothelial deposits and a transmembranous deposit lower right The 
endocapillary hypercellularity is due to а mixture of proliferation of endothelial cell, mesangial cells, 


and infiltrating mononuclear celmacrophages (transmission electron microscopy, х8000). 


without attendant hypercellularity. The mottled, vaguely wormy substructure of the deposits suggests 
the possibility of a secondary etiology, such ascryoglobulin deposits. Correlation with ight microscopy, 
immunofluorescence, and clinical findings сап further support or refute this possibility (transmission 
electron microscopy, 11,250). 


У | ۰ 


FIG. 3.107 Membranoproliferative glomerulonephrits (MPGN). An intramembranous deposit, molded 
under the original lamina densa, в associated with an interposed cell and new underlying glomerular 
basement membrane Some of the deposit material is subendathelial (far right) (transmission electron 
microscopy, «25,625 

To view this electron micrograph with calor coded overlays explaining each component, please visit 
ExpertConsultcom. 


Dif 


tial Diagnosis of Membranoproliferative-Type Patt 


Double contours or so-called tram-tracking of glomerular basement membranes (GBMs) may 

occur due to: 

^ subendothelial immune complexes or 

‘+ monoclonal protein deposits (proliferative glomerulonephritis with monoclonal deposits) 

+ Сз dysregulation (C3 glomerulonephritis) 

^ chronic endothelial injury or 

^ unusual deposits with substructure 
Notes: 

= The term membranoprolerative lomerulonephritis should be reserved for disease due to sub- 
endothelial immune complex deposits. 

+ Double contours of GBMs may occur with chronic endothelial injury, where there is no IF 
positivity for immune complexes. These conditions include, for example, chronic thrombotic 
microangiopathy, transplant glomerulopathy, radiation nephropathy: 

^ A membranoproliferaive pattern of injury may also be seen without IF positivity for Ig or 
complement in type HI collagen glomerulopathy and fibronectin glomerulopathy. 


ТЕ Immunofluorescence; lg, immunoglobulin. 
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108 Membranoprolierative glomerulonephritis(MPGN). This capillary loop shows а complex 
combination of lesions, with interposed cells and intramembranous and subendothelial deposits. Adjacent 
areas of the glomerulus show mesangial deposits (far right) and mesangial proliferation (transmission 
electron microscopy 14,000). 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult.com. 


+ Friary glomerulonephriis often has membranoproiferative appearance with епдосарй- 
lary proliferation. EM is diagnostic of the fibrillary nature of the deposits, which are typically 
polyclonal eG. 

2 Amyloid may give rise to a nodular appearance of the mesangium and also involve the capil- 
Jary oops. If due to light chain, IF is positive in a smudgy pattern with clonal staining with a 
corresponding light chain. EM shows characteristic fibrils, and Congo red stain is positive. 

+ Monoclonal immunoglobulin deposition disease, including ight chain deposition disease, heavy 
chain deposition disease, and light and heavy chain deposition disease, may show variable prolif- 
erative appearance. IF is diagnostic in defining the monoclonal component of the deposits. 

+ Proliferative glomerulonephritis with monoclonal deposits has heavy chain (most often IgG) and 
а single light chain, with proliferative lesions, glomerular deposits and no substructure by EM. 

+ Dense deposit disease hasa mesangial proliferative or membranopralieatve appearance, typically 
with only Сэ staining, EM а diagnostic af the dense transformation ofthe basement membranes, 

+ Сз glomerulonephritis has a mesangial proliferative or membranoproliferative appearance, 
typically with only C3 staining, with no or scanty Ig; EM shows density of deposits similar to 
immune complex disease, or sometimes es dense and similar to that of the glomerular base- 
ment membrane, with elongated subendothelial deposits and frequent mesangial deposits, and 
occasional subepithelial, hump-type deposits. 


ЕМ, Electron microscopy: IF, mmunofluorescence; Ig, immunoglobulin. 
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FIBRILLARY GLOMERULONEPHRITIS 


Fibrillary glomerulonephritis was first reported by Rosenmann and Eliakim as a glomerulopathy with 
material very similar to amyloid that did not stain with Congo red. A distinctly different morphologie 
form of glomerulopathy with larger, microtubular organized structures has been termed immunotac- 
toid glomerulopathy. The classification of these lesions has been controversial. Some investigators have 
chosen to use the term immunotactoid glomerulopathy to refer to this entire group of disorders. We 
prefer to use the term fibrillary glomerulonephritis only for the amyloid- lite, Congo red-negative form, 
as this may have implications for prognosis and pathogenesis. 

Fibrillary glomerulonephritis is a disease of adults, with average age of onset approximately 50 
years. Patents are most оеп Caucasian, with a slight female predominance. This entity comprises 
about 1% of diagnoses among adults undergoing native kidney biopsy. Most patients present with 
nephrotic syndrome and frequently have associated hematuria, with two-thirds with decreased GFR 
at presentation. Occasional patients had concomitant infection with hepatitis C, although a causal link 
has not been proven. Rapidly progressive glomerulonephritis clinically was present in approximately 
‘one-third of patients The prognosis is one of progression to renal loss in approximately 40% of cases 
‘over 5 years, with a median renal survival time of only 24 months from time of biopsy in one large 
series. Better prognosis was seen in patients younger than age 40 years at presentation. No specific 
treatment has been described, Patients who progressed to end-stage renal disease generally did so 
rapidly, reaching end stage within 10 months on average after diagnosis. Elevated serum creatinine at 
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presentation was a clinical sign of poor prognosis. Morphologic indicators of worse prognosis included 
‘crescents and worse tubulointerstitial fibrosis. Fibrillary glomerulanephrits recurred in the transplant in 
nearly 20%, with a slower course of loss of GFR in the graft than in the native kidney. 

"The light microscopic appearance in fibrillary glomerulonephritis most frequently is that of a 
membranoproliferative, typically lobular, glomerulonephritis, with GBM double contours (Figs. 
3.109-3.111). Less frequently, there is a mesangial proliferative or diffuse endocapillary proliferative 
pattem, Some cases may even appear similar to diabetic nephropathy, with large nodular expansion of 
‘mesangial matrix (see Fig. 3.109). In rare cases, there are GBM spikes in a membranous pattern, reflect- 
ing GBM reaction to the fibrillary deposits in а subepithelial location, Areas of deposits stain weakly 
PAS- and silver-positive. Crescent, either cellular or ibrocellular, were present in one-third of cases 
їп one series, but usually involved a minority of glomeruli (Fig. 3.112). Crescents more commonly 


FIG. 3.109 Fibrillary glomerulonephriis The light microscopic pattern varies from mesangial to 
membranoproliferative. This case shows moderate mesangial proliferation and occasional basement. 
membrane double contours (ones silver stain, 00) 


FIG. 3.110 Fibriliary glameruianephritis. n some cases of fibrillary glomerulonephritis, there may be 
ular or nodular proliferative pattern, which may resemble diabetic nephropathy, as in this case 
(periodic acid-Schiff, x100). 
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EAS si a 
FIG. 3.111 Fibrillary glomerulanephritis. A membranoprolerative pattern is evident with mesangial 
and endocapillary hypercellularity and basement membrane duplication and cellular interposition 
ones silver stain, x40 


FIG. 3.112 Fibrillary glomerulonephritis In our series, approximately one-third of cases showed. 
crescents In this case, there is associated moderate mesangial hypercellularity, an important 
feature indicating by light microscopy that this erescentic lesion is likely not pauc-immune 
crescent glomerulonephritis or ant-glomerular basement membrane (GEM) antibody-mediated 
glomerulonephritis. Priglomerular fibrosis and early adhesions are also evident (ones silver stain, 


E 
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are associated with diffuse endocapillary hypercellularity and may be associated with worse outcome 
Sclerosis is associated with more severe disease (see Fig. 3.112). By definition, Congo red stains are 
negative. The interstitium shows interstitial fibrosis and tubular atrophy, proportional to gloma 

changes Rare cases have fibrillary deposits extending to the tubular basement membranes, Vessels do 


not show any specific lesions, 


Immunofluorescence demonstrates prominent, smudgy IgG and lesser amounts of C3 in 


mesangial areas, and segmental, usually chunky, staining along GBMs, occasion; 


lar capillary wall membranous pattern (Figs. 3.113, 3.114). Polyclonal IgG4 is the dominant or 
JA and IgM and Clq m 

cases of other patterns have been reported, with predominant IgA dep 

deposits by electron microscopy but no immunoglobulin staining. Not infrequently, the deposits 


exclusive subclass, In about half of cases, weaker also be detected. Rare 


sits, or distinct fibrillar 


are so diffuse as to provide an apparent linear staining by immunofluorescence (see Fig. 3.114). 
This may, especialy in cases with crescents lead to an initial erroneous impression of possible 
anti-GBM antibody-mediated glomerulonephritis. The smadgy, predominantly mesangial stain- 


ind negative Congo red 


mosis, confirmed by 


ests the specific di 


lectron microscopy 


The electron microscopic findings are then confirmatory of the diagnosis of fibrillary glomerulo- 


nephritis, showing the presence of randomly aligned fibrils 


resemble amyloid fibrils but are ls 


(Figs 3.115-3,118). Usual fibril diameter is 12-22 nm, with a reported range of 13-39 nm in most 


yloid cases wit 


‘usual range 10-12 nm, However, in our series of fibrillary glo- 


merulonephritis, there was some overlap with amyloid fibril size, with average fibril diameter in fibril- 
lary glomerulonephritis cases of 14 nm (range 104-184 nm). Therefore, it is critical to also use Congo 


red-negative staining and typical immunolluorescence 


jing, as described earlier, as diagnostic eri 
teria, Electron microscopy may show fibrils in all glomerular compartments, including mesangium 
and basement membrane in intramembranous, subepithelial, and subendothelial locations. Additional 


FIG. 3.113 Fibrilary glomerulonephritis. Immunofluorescence patterns in fibrillary glomerulonephritis 
mirror the light microscopic changes, ranging from mesangial to membranoprolferatie or even 
membranous patterns. There is typically a smudgy positivity with particularly predominant mesangial 
staining. This case illustrates chunky mesangial staining and irregular, coarsely granular peripheral loop 
staining, corresponding to а light microscopie membranoproliferative pattem. Depos typically stain for 
1g6 and СЗ and are polyclonal, but restricted to IoG4 subclass (ant-gG, x40) 
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FIG. 3.114 Fibrillary glomerulanephritis may also show a membranous pattern of deposits in some 
cases, with corresponding coarsely granular peripheral loop deposits, along with coarse mesangial 
deposits as shown here (anti-IgG immunafluorescence, x400). 


Re. 3.1 lanephritis. The deposits in fibrillary glomerulonephritis may be localized 
anywhere in the glomerulus. Randomly arranged fibrillar deposits, approximately 15 nm in diameter, 
permeate the thickened glomerular basement membrane, with overlying foot process effacement 
(transmission electron microscopy, ht, 
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FIG. 3.116 Fibrillary glomerulonephritis Randomly arranged fibrils of fibrillary glomerulonephritis 
permeate the glomerular basement membrane with blunting of averying foot processes, The fibrils 
are on average slightly thicker than those seen in amyloid, but there may be overlap of fibril size with 
the range typical of amyloid in individual cases (transmission electron microscopy, 7000). 


FIG. 3.117 Fibrillary glomerulonephritis Large chunky deposits composed of randomly arranged fibrils 
are seen in this case of fibrillary glomerulanephritis, with interspersed, more amorphous deposits. The 
overlying foot processes are completely effaced (transmission electron microscopy, 8000). 


dense deposits without distinct fibrillary composition have been observed in some cases (see Fig. 3.117). 
Rare tubular basement membrane fibrillary deposits may occur (Fig. 1.119) 


‘The etiology of fibrillary glomerulonephritis is unknown. Amyloid P is bound to the fibrils. Сгуорге- 
cipitated mixed immunoglobulin-fbronectin complexes were detected in the serum of a patient with 
fibrillary glomerulonephritis who had no evidence of a systemic disease process, The immunoglobulin. 
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FIG. 3.118 Fibrillary glomerulonephritis. Randomly arranged fibrils, approximately 15 nm in diameter 
localized to the mesangium (transmission electron microscopy, x15,000). 


ERN 2 Dx 
FIG. 3.119 Fibrillary glomerulonephrits. Rarely, there may be fibrillary deposits in tubular basement 


membranes in cases of fibrillary glomerulonephritis transmission electron microscopy, x7000). (Case 
shared by Dr Robert б. Horn, Laboratory for Kidney Pathology, Nashville TN) 


component in this patient was polyclonal and consisted of IgG, IgM, and heavy and light chains. These 
findings indicate that serum precursors can lead to formation of fibrillary deposits. Occasional asso- 

ciation with hepatitis C infection has been reported, but causality has not been proven. Importantly, 
fibrillary glomerulonephritis is not associated with excess incidence of Iymphoproliferative disorders 
‘or monoclonality of deposits, in contrast to immunotactoid glomerulopathy. Proteomic studies show 
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differences in spectra in fibrillary glomerulonephrits versus immunotactold glomerulopathy, further 
supporting different underlying etiologies 


Key Diagnostic Е 


tures of Fibrillary Glomerulonephritis 


^ Typically membranoproliferative or mesangial proliferative by light microscopy 
+ Smudgy polyclonal positivity for IgG and C3 
+ Randomly arranged fibrils by electron microscopy, Congo red-negative 


^ Fibrillary glomerulonephritis 
+ LM: proliferative, often crescents 
* IF: IgG polyclonal, smudgy 
+ Congo red: negative 
^ EM: fibrils random, 12-24 nm (mostly 18-20 nm) 
+ Immunotactoid glomerulopathy 
+ LM: proliferative 
+ IE IgG often clonal 
+ Congo red: negative 
+ ЕМ: organized, parallel, microtubular (>30 nm) 
+ Amyloid 
* LM: acellular, mesangialobalar 
^ DE monoclonal light chain for AL; по light chain for non-AL 
^ Congo red: positive 
+ EM: fibrils random, 8-15 nm (mostly 10-12 nm) 
^ Cryoglobulinemic glomerulonephritis 
+ LM: proliferative, PAS-positive cryoplags 
+ IE IgM, often clonal 
^ Congo red: negative 
^ EM microtubular or vague, short fibrillary 


AL, Amyloid light chain; EM, electron microscopy; ТЕ immunofluorescence; LM, light microscopy 
PAS, periodic acid-Schiff. 
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IMMUNOTACTOID GLOMERULOPATHY 


"The classification of lesions with organized non-amyloid fibrillar or microtubular deposits has been 
controversial Some investigators have chosen to use the term immunotactoid glomerulopathy to refer 
to this entire group of disorders, We prefer to use the term fibrillary glonerulonephriti only for the 
amyloid-like, Congo red-negative form, as this may have implications for prognosis and pathogenesis. 
We will here discuss immunotactoid glomerulopathy, defined as large microtubular deposits typically 
>30 nm in diameter, often arranged in parallel arrays. This entity is very rare, less than 0.06% of adult 
native kidney biopsies. Patients are typically older than those with fibrillary glomerulonephritis, about 
(60-70 years on average versus about 50 years in fibrillary glomerulonephritis, and are mostly Cau- 
‘asian, Patients present with nephrotic syndrome, hematuria, and some have hypocomplementemis, 
Importantly, there is associated monoclonal gammopathy and hematologic malignancy in about two- 
thirds of patients, and deposits often stain in a monoclonal pattern. Patients do not generally have 
definable cryoglobulins, a disorder that may also give rise to organized deposits (sce Cryoglobuli- 
nemic Glomerulonephritis). Renal survival appears better than in fibrillary glomerulonephritis, but 
‘published series have been too small and/or had too short follow-up for definitive analysis. In our six 
patients, renal function remained stable, whereas one patient in a series of patients reported by the 
Columbia group reached end stage in 2 months. Chemotherapy directed at the underlying [ymphopro. 
liferative disease led to remission of nephrotic syndrome in about half of patients with immunotactoid 
slomerulopathy. Immunotactoid glomerulopathy has been reported to recur in the transplant, with a 
slower course of loss of GER in the graft than in the native kidney. 

Light microscopy shows a mesangioprolifeative or membranoprolierative pattern (Figs. 3.120, 
3.121). The GBM may show only double contours, or occasionally spikes on silver stain. Tubules and. 
interstitium show atrophy and fibrosis proportional to glomerular injury. Vessels do not show specific 
lesions. Crescents are rare. Congo red stains are by definition negative, 

Immunofluorescence shows predominant IgG with lesser IgA and IgM in occasional cases (Fig. 
3.122). C3 is also usually positive, with less frequent Clq, The staining is chunky, irregular along glo- 
merular capillary loops and in the mesangium. It does not appear smudgy as do fibrillary glomeru- 
lonephritis deposits by immunofluorescence. The staining is usually stronger їп capillary loops rather 
than in the mesangium, the converse of the pattern in fibrillary glomerulonephritis. Some cases may 
show monoclonal staining, with light chain restriction, more often kappa than lambda. 

Electron microscopy shows large microtubular deposits, usually >30 nm in diameter and some 
times >50 nm, The microtubules have a hollow core and are frequently arranged in parallel arrays, 
and may have a “stacked wood” arrangement (Figs. 3.123, 3.124), The distribution mirrors are seen by 
insmunolluorescence, with predominant subendothelial and mesangial deposits. Some cases also have 
subepithelial or intramembranous deposits 


Etiology/Pathogenesis 
Immunotactoid glomerulopathy, defined by microtubular deposits, ofen in organized arrays, is sig- 
nificantly more frequently associated with monoclonal protein and hematopoietic malignancy, most 
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FIG. 3.120 Immunotactoid glomerulopathy. Light microscopic changes typically are those of а 
mesangial or membranoproliferative proces, without crescents. Extensive glomerular basement 
membrane splitting and segmental adhesions are present in this case (Jones silver stain, 200) 


FIG. 3.121 Immunotactoid glomerulopathy. There is extensive glomerular basement membrane 
duplication and interposition with mild mesangial and endocapillary hypercellularity (Jones silver 
жап, x400). 


often B-cell related, than is fibrillary glomerulonephritis. Further, these immunotactoid deposits stain 
monoclonally in about two-thirds of cases. The clinical improvement of proteinuria when treatment 
was directed at the hematopoietic disorder, with parallel improvement of hematologic parameters, 
further supports a role for monoclonal proteins in some of these patients 


Key Diagnostic Features of Immunotactoid Glomerulopathy 


* Mesangial proliferative to membranoproliferative appearance by light microscopy 
+ Immunoglobulin and complement staining by immunofluorescence, often clonal 
^ Deposits with mierotubular or parallel array arrangement by electron microscopy. 


FIG. 3.122 Immunotactoid glomerulopathy. lmmunatluorescence shows coarse positivity in a 
mesangial and membranoproliferative pattern, typically with IgG kappa and СЗ. The subendothelial 
location of these deposits is evident by the smooth outer border of peripheral loop deposit. There are 
also chunky mesangial deposits (anti, immunofluorascence x400). 


FIG. 3.123 Immunotactoid glomerulopathy. The specific diagnosis of immunotactoid glomerulopathy 
is made by electron microscopy. The deposits are microtubular and/or organized in parallel arrays, 
appearing like “kindling wood stacked up for the winter." The tubules are frequently 30-50 nm in 
diameter and are here seen both in longitudinal and cross section, revealing their tubular nature. A 
Similar appearance may be seen in some cases of ryoglobulinemic glomerulonephritis (transmission 
electron microscopy, 12,000) 
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£124 Immunctacteid glomerulapathy. The microtubular nature of the deposits in immunotactoid 

rulapathy is illustrated, with microtubules cut in cross and longitudinal orientation. The deposits 
are intramembranous and subendothelial, with associated foot process effacement and cellular 
interposition (transmission electron microscopy, x26,000 
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Glomerular Diseases That Cause Hematuria or Nephritic 
Syndrome: Immune Complex 


ACUTE POSTINFECTIOUS GLOMERULONEPHRITIS 


Postinfectious glomerulonephritis presents as acute nephritic syndrome with low serum complement 
levels, C3 depressed more than Cá, Classically, this condition follows streptococcal infection. Other 
bacterial, viral, mycotic, or even protozoan infections may give rise to the same type of glomerulo- 

nephritis. Staphylococcal infection can cause postinfectious glomerulonephritis with IgA-dominant 
staining pattern. In tropical climates, skin infection rather than throat infection may lead to acute glo 

merulonephritis Acute poststreptococeal glomerulonephriis s more common in children and young 
adults, with boys affected more than girls, Patients with typical poststreptococcal glomerulonephritis 
following a pharyngiti infection usually have a rapid course with rapid resolution, and thus are not. 
biopsied. Biopsies therefore may overrepresent more severe lesions, A small subset of patients has 
persistent renal dysfunction long-term after the acute nephritis subsides. Unrecognized subclinical 
disease related to postinfectious glomerulonephritis may also contribute to chronic kidney disease. 

Children with this lesion have an excellent prognosis when the infection is transient Infection is often 
‘ongoing in adult patients, and thus the term “infection-related” rather than “post-infectious" plomer- 

ulonephritis has been suggested. Adults with infection-related glamerulonephritis more often have 
monstreptococcal pathogens, visceral sites of infection, and frequently are immunocompromised, with 
history of drug/alcohol abuse, malignancy, or with underlying diabetes, and have a poor prognosis. 

"The majority of such adult patients who underwent rebiopsy 3-15 years after onset had glomerulo- 

sclerosis lesions, When IgA-dominantstaphylococcal-associated glomerulonephritis occurred super- 

imposed on diabetic nephropathy, prognosis was particularly ominous, with most patients reaching 
end-stage kidney disease, 

"The light microscopic characteristic features in the acute phase are diffuse, exudative hypercel 
lular glomerulonephritis, with prominent endocapilary bypercellularity (Fig. 3.125) and numerous 
neutrophils (Figs, 3.126-3.133). The hypereellular lesions are diffuse and global, contributed to by 
in part increase in glomerular parenchymal cells, and largely by influx of inflammatory cells. Small 
hump-shaped deposits along the glomerular capillary walls may occasionally be visualized even by 
light microscopy with silver, trichrome, or toluidine blue stains (see Fig. 3.133). Crescents are present 
in severe cases and may portend worse prognosis (see Fig, 3.129). When biopsy is performed later in 
the course, the neutrophilic infiltrate is less prominent with remaining diffuse mesangial hypereellular- 
ity (see Figs 3.130-3.132) 

By immunofluorescence, scattered fine or large chunky deposits are present along the GEM, along 
‘with scattered mesangial deposits, The deposits typically stain with IgG with even more prominent C3 
staining after the first few weeks. IgM and IgA staining is absent or minimal, except in cases caused by 
staphylococcal infection, where IgA may be dominant. 

‘Three immunotluorescence patterns of typical poststreptocaccal postinfectious glomerulonephri 
tis have been described: starry sky, garland, and mesangial patterns (Figs. 3.134-3.137), The starry-sky 
ог garland patterns are seen early in the course of the disease, with garland-type deposits extending 
to the peripheral loops, associated with an exudative bypercellular glomerular lesion. Starry sky refers 
to the irregularly distributed coarse fluorescence positivity along the GBM, The garland pattern shows 
thicker, more elongated deposits along the capillary wall, is more commonly present in adults, and has 
been associated with worse prognosis (see Fig. 3.136). 

By electron microscopy, there are occasional mesangial, rare subendothelil, and scattered 
subepithelial, hump-shaped deposits overlying the GBM without surrounding basement mem- 
brane reaction (Figs, 3.138-3.140). These hump deposits are particularly numerous in the acute 
phase and may be variegated. Occasional mesangial and subendathelial deposits are present 
When biopsies are performed at a later stage, peripheral hump-type deposits are more rare. 
Hump-shaped deposits may then only be present in the subepithelial area overlying the mesan- 
gium (the "notch? or "waist" area) (ste Fig, 3.140). In the more chronic phase of the disease, 
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FIG. 3.125 Acute postinfectious glomerulonephriis There is an exudative hypercellularity with 
numerous palymorphonuclear leukocytes and endocapillary hypercellularity, with scattered mesangial 
and large hump shaped subepithelial deposits. 


FIG. 3.126 Acute postinfectious glomerulonephritis. There is diffuse, global exudative proliferative 
appearance with prominent endocapllary ypercellularty and numerous neutrophils. There В also 
surrounding inflammation in the tubulointerstitium (periodic acid- Schiff, 00) 
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FIG. 3.127 Acute postinfectious glomerulonephritis. The numerous polymorphonuclear leukocytes 
filing capillary lumens are clearly demonstrated, along with endocapillay hypercellularity and 
segmental cellular interposition (Jones silver stain, x400). 


FIG. 3.128 Acute postinfecious glomerulonephritis. Endocapiliary hypercellularity and numerous 
polymorphonuclear leukocytes bath within capillary loops and within the mesangial area are present. 
Deposits are not visualized here, although they may occasionally be seen by light microscopy (see Fig 
3.533) (hematoxylin and eosin, x100), 


mesangial deposits predominate, usually with less endocapillary proliferation and exudation, The 
finding of even rare bump-type subepithelial deposits strongly points to an infectious etiology 
of an immune complex glomerulonephritis, and it is quite helpful in suggesting etiology when 
biopsy is done in the more chronic phase where only mesangial proliferation or focal membra 

noproliferative changes are present by light microscopy. Note that patients with C3 glomerulo- 

nephritis may also have occasional hump-type deposits, Thus, clinical correlation is essential 
Evidence of previous clinically silent postinfectious glomerulonephritis with healed “incidental” 
postinlectious lesions, deduced by presence of these hump-type subepithelial deposits by electron 
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FIG. 3.129 Acute postinfectious glomerulonephritis In biopsied patients, there may frequently be 
crescents as these patients typically have an unusual clinical course with more severe injury. The 
Cellular crescents are associated with endacapillary bypercellularity and abundant polymorphonuclear 
leukocytes. There is also associated extensive edema and tubulointersttal inflammation (Jones silver 
stain, x100). 


disease, there may be les prominent neutrophilic infiltrate with focal segmental mesangial andlor 
endocapillary hypercellularty. Immunafluorescence and electron microscopy studies are then key in 
pointing to a postinfectious etiology (periodic acid-schif, x200). 


microscopy, was detected in about 10% af biopsies in one retrospective study, These deposits were 
associated with a variety of other renal lesions and may be additional contributors to progressive 
renal damage 


Etiology/Pathogenesis 
The immunopathogenesis of poststreptococcal glomerulonephritis has been studied extensively. 
Numerous streptococcal antigens have been proposed as the target antigen. The lead causal 
candidate is streptococcal exotoxin В (Spe B), which can activate the alternative complement 
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FIG. 3.131 Acute postinfectious glomerulonephrits In this case of postinfectious glomerulonephritis, 
there is only segmental mesangial hypercellularity with very segmental endocapillary extension of 
the hypercellularity. No polymorphonuclear leukocytes remain at this late state where deposits are 
visualized in the mesangial area and at 3 o'clock, confirmed by immunofluorescence and electron 
microscopy studies (Jones silver stain, x200). 


FIG. 3.132 Acute postinfectious glomerulonephritis. In later stages, there may be also diffuse, 
global endocapillary hypercellularity. In this case, there is extensive glomerular basement membrane 
‘duplication, and polymorphonuclear leukocytes still remain. The postinfectious etiology was strongly 
suggested by immunofluorescence findings with predominant СЗ and hump-shaped, rare deposits by 
electron microscopy (ones silver stain, x400). 


pathway. resulting in low serum complements, and has affinity for glomerular proteins and plas- 
min. Staphylococcal antigens may function as superantigens, and they can cause an IgA-dominant 
infection-associated glomerulonephritis. When these antigens are deposited in glomeruli, plas 

min can then contribute to glomerular damage by activating proteolysis. Whether circulating 
immune complexes deposit in the glomeruli, or the antigens traverse the GBM and bind to sites 
‘within the glomerulus and stimulate antibody and subsequent complement activation, is not 
determined, Individual variability in susceptibility to glomerulonephritis after infection with pre- 

sumed "nephritogenic" strains of bacteria is linked to HLA class I allelic variation, with resis- 
lance to disease in those patients with reduced immune responsiveness, The presence of humps 
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16. 3.133 Acute postinfecious glomerulonephrits. Large, hump-shaped deposits may осе 
seen by light microscopy (lanes silver stain, «1000 


sionally be 


Acute postinfectious glomerulonephritis. Starry-sky pattern of immunofluorescence 
positivity is shown, with coarse, irregularly distributed fluorescence along the glomerular basement 
membrane, along with some mesangial staining (anti-IgG immunofluarescence, #400). 


їп some patients with C3 glomerulonephritis could pos 


ibly represent increased susceptibility to 


infection-triggered initiation of injury in a patient with abnormal complement regulation, Such 


patients frequently have persistent and/or recurring disease flares, and even recurrence in trans 
plants, with an evolution in repeat biopsy to a lesion more res 


embling C3 glomerulonephritis 
rather tha 


dative postinfectious glomerulonephritis, 
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FIG. 3.135 Acute postinfectious glomerulanephritis, СЗ positivity is often even stronger than IgG in 
portinfectious glomerulonephrtis This is the same case as in Figure 3.133, with predominant starry- 
sky pattern, with occasional segments with thicker, more elongated deposits, so-called garland 
pattern (bottom) (anti-C3 immunofluorescence, x400). 


FIG. 3.136 Acute postinfectious glomerulonephritis. A more extensive garland pattern with elongated 
peripheral loop deposits is illustrated, along with occasional small mesangial deposits (anti C3 
immunofluorescence, x400). 
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7 Acute postinfectiousglomerulonephritis In the more chronic phase of the disease, 
mesangial deposits may be predominant, usualy with less endocapillary ypercellularty and 
exudation, as illustrated here. There are very few scattered subepithelial deposits, corresponding to 
rare hump type deposits by electron microscopy (anti-C3 immunofluarescence, x400) 


8 Acute postinfectious glomerulonephritis. There 8 an intraluminal polymorphonuclear 
е, а platelet and endocapillar proliferation, with scattered i Yanous and large 
hump-shaped deposits without surrounding basement membrane reaction (transmission electron 
microscopy, x3000), 
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FIG. 3.139 Acute postinfecious glomerulonephritis. Mare continuous areas of hump-shaped 
subepithelial deposits are present, corresponding to the garland pattern by immunofluorescence. 
Rare small intramembranous and subendothelil deposits (bottom) are also present, along with 
endocapilary hypercellularity (transmission electron microscopy, 3000 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult.com. 


Key Diagnostic Features of Acute Postinfectious Glomerulonephritis 


+ Exudative proliferative appearance, with numerous polymorphonuclear leukocytes, by light 
microscopy 

^ IgG and strong C3 by immunotiuorescence irregular, chunky mesangial and capillary wall pattern 

^o Hump-type subepithelial deposits by electron microscopy 


Differential Diagnosis of Postinfectious Glomerulonephritis 


- Endocapillary hypercellularity with PMNs may also be seen in cryoglobulinemic glomerulone- 
Райн. 

^ Subacute postinfectious glomerulonephritis has a membranoproliferative or mesangial prolif- 
erative appearance, 

^ Differential diagnosis of deposits with prominent or dominant СЗ includes: 


‘+ Lupus nephritis or upus-like conditions usually full-house staining by IF, reticular ag- 
gregates by EM. 
+ Ci glemerulonephritis lack of PMNs, usually no lg staining, may also have hump-type 
deposits. inci follow-up and investigation necessary for ultimate diagnosis in some patients 
+ Dense deposit disease—only or dominant C3 staining by IE characteristic dense deposits by EM. 
+ IgA-dominant postinfectious glamerulonephritis—may differentiate from IgA nephropathy 
by PMNs, frequent hump-type deposits, dominant C3, and usually kappa-lambda by IF 
ЕМ, Electron microscopy: ТЕ immunofluorecence; PMN, polymorphonuclear leukocyte. 
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FIG. 3.140 Acute postinfectious glomerulonephvits. Small mesangial deposits and a large, variegated, 
hump shaped deposit located subepithelially in the waist region are present. This area is the last place 
where hump-shaped deposits persist. The presence of even rare hump shaped deposits В а useful, 

but nat pathognomonic, indicator of an underlying infectious etiology for an immune complex 
glomerulonephritis (transmission electron microscopy 25,825). 
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IgA NEPHROPATHY 


IgA nephropathy (IAN) is the most common glomerulonephritis in renal biopsies worldwide 
Patients with IgAN present with hematuria, either microscopic or macroscopic, and varying 
proteinuria. Occasionally proteinuria may reach nephrotic range. The disease occurs in all age 
groups. The incidence of IAN in African Americans and Africans is much lower than in other 
populations, whereas the incidence in higher in Asian and Native American populations. The 
clinical presentation gives useful prognostic information in patients with IgA nephropathy, with 
worse prognosis in older male patients with hypertension, marked proteinuria, and increased 
creatinine at presentation and persistent microscopic hematuria. Prognosis is quite variable, with 
some patients showing rapid progression and approximately one-third developing end-stage kid 
ney disease over long-term, 30-year follow-up. Recurrence of IgAN in the transplant occurs in up. 
to 60% of patients, but morphologic recurrence does not equate to graft loss. When recurrence 
shows а proliferative or crescent pattern, outcome may be worse 

"The light microscopic appearance in IgA nephropathy varies from minimal mesangial expansion 
(Fig 3.141) to diffuse proliferative lesions with crescents or widespread sclerosis. There is often mesan- 
gial area increase due to increase in mesangial cells, matrix, and deposits (Figs. 3.142-3.145). In some 
cases, deposits can be outlined on the silver stain as they are silver-negative (Fig. 3.146). Endocapil- 
lary hypercellularity may be present, in either focal segmental or diffuse distribution, and is typically 
associated with extension of deposits to subendothelial areas of peripheral loops (Fig. 3.147). These 
deposits can result in mesangial interposition and GBM double contours. With severe injury, there 
may be segmental necrosis and crescents (Figs 3.148, 3.149), In chronic cases, there is aften segmental 
sclerosis, with proportional tubular atrophy and interstitial fibrosis (Figs. 3.150-3.152). 

"The relative frequency of proliferative lesions versus sclerosing lesions and minimal light micro- 
scopic findings likely reflects biopsy practices, In a large series, 13% of biopsies showed only minimal 
‘mesangial expansion, 6% showed diffuse mesangial hypercellularty, 80% showed focal segmental glo- 
‘merulosclerosis and/or focal segmental proliferative lesions with crescents, and 1% showed an end: 
stage kidney. Classifications based on light microscopic appearance have been proposed, with parallels 
to the commonly used World Health Organization (WHO) classification for SLE nephritis (Tables 32, 
33) The recent Oxford classification of AN (Table 3.4) is based on detailed examination of all lesions, 
selection of those reliably scoreable for further analysis, and then analysis with clinical correlation to 
arrive at a validated classification. The Oxford IgAN classification identified four morphologic features 
linked to worse prognosis, namely, any segmental glomerulosclerosis or adhesion, any endocapillary 
proliferation, even mild mesangial proliferation, and >25% tubulointerstitial fibrosis. Scoring mesan- 
gial proliferation was done by counting nuclei in each glomerulus in the most cellular mesangial area 
away from the vascular pole, with 3 nuclei/mesangial area defined as normal, and 4-5 nuclei given 
а scare of 1, 6-7 scored as 2, and 28 as 3. If even only half of glomeruli were hypercellular, that is, 
average score of 20.5, prognosis was worse. Of note, this so-called MEST (mesangial, endocapillary 
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FIG. 3.142 IgA nephropathy. There may be inconspicuous changes by light microscopy with only. 
minimal or по apparent increase in matrix. In these cases, the diagnosis rests on immunofluorescence 
апа electron microscopy for a specific diagnosis of IgA nephropathy (Jones silver stain, 200). 


FIG. 3.143 IgA nephropathy. There is mild mesangial matrix expansion and a mild increase in 
mesangial cellularity, with three ar more nuclei in most mesangial areas їп this early case of IgA 
nephropathy (periodic acid-Schiff, x200). 


periodic acid-Schitt postive areas representing the immune deposits, verified by Immunofluorescence. 
and electron microscopy (Jones silver stain, «1000 
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FIG. 3.145 IgA nephropathy. There is marked mesangial expansion, with segmental hypercellularity 
‘extending out to peripheral capillary loops, resulting in an early focal proliferative lesion (Masson 
trichrome stain, x200). 
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FIG. 3.146 IgA nephropathy. Massive deposits are visualized as periodic acid-Schiff-positive areas 
Within the mesangium in this case of advanced IgA nephropathy with mesangial hypercelllarity and 
segmental sclerosis (tap upper right) Jones silver stain, x400). 


FIG. 3.147 IgA nephropathy. There is diffuse mesangial hypercellularity with segmental endocapillary 
hypercelllarity and occasional peripheral basement membrane duplication, evidence of deposits 
extending to peripheral loops (ones silver stain, x200) 
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FAG. 3.148 IgA nephropathy. Mild mesangial hypercellularity is associated with segmental peripheral 
capillary loop double contours and endocapilary hypercellularity, and a small area of segmental fibrinoid 
necrosis Jones silver stain, хао). 


‘evident by moderate mesangial hypercellularity with segmental peripheral capillary loop alteration 
fright}. n addition, characteristic IgA positivity by immunofluorescent and electron microscopic 
demonstration of well-defined deposits were present (ones silver stain, х200) 


(GLOMERULAR DISEASES THAT CAUSE HEMATURIA OR NEPHRITIC SYNDROME lc 


FIG. 3.150 IgA nephropathy. With ongoing injury there may be extensive glomerulosclerosis, both 
segmental and global, often with associated more active lesions of endocapilry hypercellularity and 
cellular or fibrocellular crescents. Numerous adhesions with thickened areas of Bowman's capsule, 
indicative of past healed proliferative lesions, re present, in addition to the extensive global sclerosis and 
segmental sclerosis. There is associated tubulointerstitial atrophy and fibrosis (Jones silver stain, 00) 


DEVE Ж, 
FIG. 3.151 IgA nephropathy. Mild to moderate mesangial hypercellularity, segmental endocapillary 
ypercelluars early cellular crescent formation Пе and top) with numerous adhesions indicative 
of organization of past active lesions, are present. There is early tubulointerstitial fibrosis, and active 
Šubulointerstitia infiltrate surrounds the glomeruli with early crescentic injury and disruption of 
Bowman's capsule Jones silver stain, 200 


hypercellularity, segmental sclerosis, tubulointerstitial fibrosis) classification was based on archival 
material, did not include patients with progression to end-stage kidney disease within a year or those 
‘with minimal proteinuria or those with Henoch-Schònlein purpura. These limitations, and treatment 
variability likely explain why crescents were not associated with worse outcome, as those patients with 
crescents were treated more aggressively. Subsequent studies of IgA nephropathy patients suggest that 
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FIG. 3.152 IgA nephropathy Lesions may be quite complex, with combination of adhesions, small 
cellular crescents, mesangial and endocapillary hypercellularity with peripheral basement membrane 
double contours. There в also early surrounding tubulointerstitial fibrosis and inflammation (Jones 
silver stain, x200). 


Haas Classification of IgA Nephropathy 


| Minimal or no mesangial hypercellularity 
ıl Focal and segmental glomerulosclerosis without cellular proliferation* 
M Focal proliferative glomerulonephritis* 
IV — Diffuse proliferative glomerulonephritis 

10% global glomerulosclerosis, and/or 240% cortical tubular atrophy 


“Focal refers to <30% of glomerd with the eon 


WHO Classification of IJA Nephropathy 


1 Minimal lesion 
Il Minor changes with small segmental proliferation 

M Ғоса апа segmental glomerulonephritis (<50% involved) 

IV — Diffuse mesangial lesions with proliferation and sclerosis 

V Diffuse sclerosing glomerulonephritis affecting >80% of glomeruli 


Oxford Classification of IgA Nephropathy 


Variable Definition Score 
Mesangial hypercellularity. Scored from û to 3* MO <05 
MI >05 

Segmental glomerulosclerosis Sclerosis in segmental pattern, or the 50 - absent 

presence of an adhesion 51 = present. 

Endocapillaryhypercellulariny  Hypercellularity due to increased number EO — absent 


of cells within glomerular capillary lumina E1 - present 
causing narrowing of the lumina 


Tubularatrophy/terstiial Percentage of cortical area involved by то-0-25% 
fibrosis tubular atrophy/interstitial fibrosis TI -26-50% 
T2 ->50% 


Ihicngilsore shouid be aad In periodic acid Sch stained seo Up ta three тела! cell in a mesangial area away om 
meruli, excluding those with global sclerosis or global endocapiilary proliferation. Mathematically, тоге than halt of glomeruli have 
Mesangial hypercellularity the score will be >25, and precise derivation of the mesangial score hen not necessary 
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FIG. 3.153 IgA nephropathy. Definitive diagnosis is made by dominant or codominant staining with 
IgA ina predominantly mesangial patter, as shown here. The mesangial location results in а “pruned 
shrub” appearance (antiigA immunofluorescence, x 400), 


‘untreated crescents may carry adverse prognosis, These morphologic predictors were confirmed ta be 
valid in children in the Oxford series. Recent validation studies show similar results in other popula- 
tions, including from North America, Europe, and China. The VALIGA study further validated the 
prognostic utility of these biopsy findings in a large European cohort with 1147 patients. 
Henoch-Schönlein purpura (IgA vasculitis) may be thought of as the systemic counterpart of IgA, 
nephropathy. The lesions in kidney biopsies are indistinguishable, and differentiation is made based 
on clinical pathologic features. The International Study of Kidney Disease in Children has used a 


classification for renal disease in patients with Henoch-Schónlein purpura (ce "Henoch- Schonlein 
Purpura/IgA Vasculitis"). Children with Henoch-Schónleim purpura more often have 

lesions, with crescents and endocapillary proliferation, with a remitting and flare disease course, 
contrasting the more slowly progressive course of IgA nephropathy: 

Immunolluorescence microscopy in IgA nephropathy and Henoch-Schénlein purpura (IgA vas- 
colitis) reveals the definitive characteristic of dominant or codominant deposits of IgA, compared with 
the intensity of the other immunoglobulins, These deposits may be confined to the mesangium (Fig. 
3.153) or extend to subendothelial location of peripheral capillary loops, the later typically associated 
With proliferative lesions (Fig. 3.154). СЗ is almost invariably present, but Clq is rarely positive. The 
immunofluorescence positivity for IgA is diffuse and global, although the light microscopic lesions 
may be focal and segmental. Of note, lambda staining is typically more predominant than Карра stain- 
ing, in contrast to predominance of kappa in other polyclonal immune complex diseases. IgG and/or 
IgM may also be present, but by definition, are not present in greater intensity than IgA. 

By electron microscopy, deposits are found in the mesangial areas, underlying the paramesangial 
GBM (Figs. 3.155, 3.15 
increased, Subendothel 


sculitie 


There is increased mesangial matrix, and mesangial cellularity may also be 
1 deposits are typically present in cases with endocapillary hypereellularity, 
and extend out from the mesangial area (Fig. 3.157). Occasionally, there may be subepithelial ог intra 
‘membranous deposits, Foot processes are effaced over areas with sclerosis or endacapillary hypercellu 
larity. The distribution of deposits mirrors the immunofluorescence pattern (Fig, 3.158). 


Etiology/Pathogenesis 
The pathogenesis of progressive injury in IAN is unknown. Morphologie features provide additional 
prognostic information over the clinical findings (se earlier). 

Interestingly, IgAN recurs in the transplant, and conversely, IAN regressed when transplan. 
tation of kidneys with mild IgAN into patients with end-stage rena 


disease from other causes was 


54 БА nephropathy Definitive diagnosis is made by immunofluorescenee, showing 
nt or codominant IgA staining in the mesangium. In cases with more active lesions, there 
ie frequent extension to peripheral cailary loops, a seen segmental in ie case (ef Gera 
immunofluorescence, 400) 


The deposits аге in the mesangial area, underneath the paramesangial 
basement membrane. In this case, there is по extension of deposits to peripheral loops, and there was 
hypercellularity by light microscopy (transmission electron microscopy, x3000 
is electron micrograph with color coded overlays explaining each component, please 
ExpertConsult.com. 
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FIG. 3.156 IgA nephropathy. There are mesangial deposits, but with extension toward the peripheral 
loop basement membranes (transmission electron microscopy, 17,125). 


inadvertently performed. These observations strongly indicate that IgAN has a systemic basis. The 
morphologic lesion of IgA nephropathy can likely be triggered by varying etiologies. Current research 
has focused on abnormal mucosal immune reactivity, production of IgA with an abnormal hinge 
region resistant to proteolysis, IgG antiglycan antibodies produced in response to this IgA, and genetic 
factors. Antiglycan IgG antibodies have been identified in serum of patients with IgAN. The hinge 
region of IgA1 usually has bound oligosaccharides that are O-linked to serine or threonine residues 

Abnormal oligosaccharides are postulated to be causal in resistance to proteolysis of the IgA deposits, 

In support of this hypothesis, the deposits in IgAN are predominantly IgA subclass, which accounts 
for 90% of serum IgA, while IgA2 comprises 60% of IgA in secretions, African Americans commonly 
havea form of IgA with deletion of these hinge region amino acids, which could explain the rarity of 
JgAN in this population. Abnormal mucosal plasma cell production of | chain, required for transport 
of IgA into mucosal secretions, may also contribute to IAN. Studies in familial IgA nephropathy have 
identified linkage to a region of chromosome 6. Whether this gene plays a role in sporadic IgAN is not 
known. Secondary mechanisms are postulated to be activated by initial deposits of IgA and impor- 
tantly IgG that include complement activation, and release of various mesangial growth factors, with 
subsequent activation of generic progression mechanisms. 
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FIG. 3.157 IgA nephropathy Extension of deposits to peripheral loop is often associated with celular 
interposition. Overiying foot processes show diffuse effacement, and there is associated endocapillary 
hypercellularty (transmission electron microscopy, 17.125). 


Key Diagnostic Features of IgA Nephropathy 


‘+ IgA-dominant (or codominant) deposits by immunofluorescence 

‘+ Mesangial and occasionally subendothelial deposits by electron microscopy 

+ Variable light microscopic appearance; normal, mesangial proliferative, focal, or diffuse prolif- 
erative, with or without crescents and/or sclerosis 


Differential Diagnosis of IgA Nephropathy 


= IgA nephropathy versus lupus nephritis: when IgA staining is equally strong as IgG, lupus 
nephritis may enter the differential. C1q positivity is rare in IgA nephropathy, and frequent in. 
lupus nephritis, The presence of reticular aggregates also strongly favors lupus nephritis. 

+ IgA nephropathy versus IgA-dominant postinfectous glomerulonephritis: the presence of 
hump-type deposits, dominant C3, and an exudative appearance with polymorphonuclear 
leukocytes within the endocapillary proliferative lesions favor a postinfectious etiology. In IgA 
nephropathy, lambda is usually, but not invariably, stronger than kappa, Stronger kappa than. 
lambda staining slightly favors postinfectious etiology. 

+ IgA nephropathy versus cryoglobulinemic glomerulonephritis: if IgA and IgM are 
codominant, cryoglobulinemic glomerulonephritis should be excluded. Cryoglobulinemic. 
lomerulonephritis typically has clonal shift with kappa or lambda dominance and may have 
PAS-positive intracapillary cryoplugs and substructure of deposits by electron microscopy. 
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7158 IgA nephropathy. Deposits may be quite massive same case as Figure 3.146) (transmission 
electron microscopy, #3000} 
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Secondary Glomerular Diseases 


|| Diseases Associated With Nephrotic Syndrome 


MONOCLONAL IMMUNOGLOBULIN DEPOSITION DISEASE 


Monoclonal immunoglobulin production may be seen as a consequence of multiple myeloma, 
Waldenstróm macroglobulinemia, or B-cell lymphoma or represent monoclonal gammopathy of 
undetermined significance (MGUS). When the kidney is affected by monoclonal immunoglobulin 
deposition and patients do not meet hematopathologic criteria for a diagnosis of multiple myeloma, 

the term monoclonal gammopathy of renal significance is used. The most common monoclonal 
{immunoglobulin-mediated nephropathies include AL-amyloidosis, light chain cast nephropathy, 
cryoglobulinemia (type I and ID, light chain cast nephropathy, and the monoclonal immunoglob. 

ulin deposition diseases (MIDDs). More rare diseases caused by monoclonal protein deposition 
include light chain proximal tubulopathy and proliferative glomerulanephritis with monoclonal 
deposits (sce later). 

"The MIDDs are characterized by non-Congophilic, nonfibrillar electron-dense deposits of a 
monoclonal immunoglobulin component, usually light chain, bot occasionally with additional, or 
only, a heavy chain component. Thus, MIDD is divided into three categories based on the type of 
immunoglobulin deposits: light chain deposition disease (ИСРОР), light and heavy chain deposition 
disease (LHCDD), and heavy chain deposition disease (HCDD). MIDD predominantly affects the 
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kidneys, but can also commonly involve the heart and liver, with less frequent deposition in other sites, 
including spleen, lung, intestinal tissues, prostate, pancreas, and thyroid. Patients with MIDD are on. 
average 55-60 years, reflecting the peak age of underlying plasma cell dyscrasia, However, MIDD also 
may present at younger age. LCDD is the most common and thus best understood MIDD with respect 
to its clinical and pathologic features and appears to have a slightly better prognosis than LHCDD or 
HCDD. Patients with LCDD present with proteinuria, typically nephrotic range, often with hematuria, 
hypertension, and increased serum creatinine, A subset of patients with LCDD show dominant tubular 
rather than glomerular deposits, and have minimal proteinuria. About half of LCDD patients have 
multiple myeloma at presentation. Prognosis thus mirrors that of the underlying plasma cell neoplasm. 
LHCDD is less frequent, comprising less than 10% of MIDDs. НСРР occurs rarely, MIDD may recur 
ån the transplant, 

Multiple myeloma is the most common underlying disease in MIDD and is present in 40-50% 
of patients with pure MIDD. The incidence of overt multiple myeloma is even greater in patients 
with MIDD associated with light chain cast nephropathy (>90%). Conversely, about 5% of autop- 
sied patients with multiple myeloma have MIDD. The diagnosis of MIDD by renal biopsy often 
precedes other clinical evidence of dysproteinemia (70%) and is commonly the presenting find- 
ing, which leads to the discovery of multiple myeloma. Some 15-30% of patients with MIDD 
on renal biopsy do not have a detectable urine ør serum monoclonal protein. Conversely, not 
all patients with monoclonal protein have related kidney disease. In a series from Vanderbilt, 
about 60% of biopsied patients with monoclonal protein had unrelated kidney disease. Most had 
MGUS detected by screening tests as part of the workup for their renal disease. The spectrum of 
diagnoses in these patients reflected that seen in our general adult renal biopsy population. Thus, 
diabetic nephropathy and FSGS were the most common diseases in these proteinuric MGUS 
patients, 


Light Chain Deposition Disease 


By light microscopy glomeruli show varying degrees of mesangial proliferation (Figs. 3.159, 3.160). 
Early lesions consist of mild mesangial increase (Figs. 3.161-3.163). Over time, this typically pro 
gresses to nodular glomerular lesions, Advanced nodular lesions may by light microscopy be indis- 
tinguishable from nodular lesions of diabetic nephropathy (Figs. 3.163, 3.164). The nodules are 
PAS-positive, lightly eosinophilic, PAS methenamine silver-negative, and Congo red-negative. Cap- 
ilary microaneurysms may be present. Rarely, crescents are found. The nodular glomerular lesions 
of MIDD are similar by light microscopy to those found in other nodular glomerular diseases, 
including nodular diabetic glomerulosclerosis, amyloidosis, and membranoproliferative glomeru- 
lonephritis, There are several characteristics that have been proposed to distinguish MIDD from 
diabetic glomerulosclerosis. In MIDD, there tends to be multiple nodules within the glomerulus that 
generally stain PAS-positive but methenamine silver PAS-negative, and the efferent arterioles do 
not exhibit extensive hyalinosis. Conversely, diabetic glomerulosclerosis is characterized by solitary 
modules within the glomerulus that stain PAS-positive and methenamine silver PAS-positive in the 
presence of extensive hyalinosis in the afferent and efferent arterioles. However, some patients with 
MIDD have silver-positive nodules, and light microscopy alone docs not allow definitive distinc- 
tion from diabetic nephropathy in our experience (see Figs. 3.163, 3.164). Other causes of nodular 
glomerulosclerosis may more readily be excluded by light microscopy: amyloidosis is excluded from 
the differential diagnosis by negative Congo red staining in MIDD, and also the absence of fibrils 
on electron microscopy. Membranoproliferative glomerulonephritis is distinguished from MIDD 
by the presence of double contours of the GBM and dominant cellular proliferation. In addition, 
immunopathology and ultrastructural evaluation will differentiate the other glomerular diseases 
from MIDD. 

"The renal tubular basement membranes in light chain deposition disease (LCDD) demonstrate 
“ribbon like” thickening (Fig. 3.165). Tubular atrophy and interstitial fibrosis are typical findings with 
refractile, PAS-positive deposits found in both the tubular basement membranes and interstitium 
(occurring in 50% of cases of MIDD). PAS-positive deposits can also be found in the vascular base 
ment membranes of arterioles and small interlobular arteries. In some patients, the tubular deposits 
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FIG. 3.159 Light chain deposition disease (LCD). LCDD is characterized in Из advanced form by 
nodular glomeruloscerasis, although glomerular basement membranes (GBM) are not as thick as 

in diabetic nephropathy. By electron microscopy and immunofluorescence, deposits of monoclonal 
light chain are visualized on the inner aspect of the GBM and outer aspect of the tubular basement 
membrane. 


predominate with minimal glomerular involvement by light microscopy. These patients also showed 
‘marked arteriolar and arterial involvement with light chain deposits, perhaps shifting to more isch 
emic glomerular lesions. 

In some patients with MIDD, there is combined LCDD and light chain cast nephropathy, with 
attendant worse prognosis. Classic findings of light chain cast nephropathy with interstitial nephritis, 
severe tubular injury and interstitial fibrosis, and brittle, fractured casts with syncytial giant cell reac- 
боп are typically present, Of note, casts in light chain cast nephropathy may not stain monotypically in 
all cases, presumably due to nonspecific casts with nonselective proteinuria and/or abnormal mono: 
donal protein not recognized by standard commercial antibodies or masking of the antigens (sce Light 
Chain Cast Nephropathy. 

Definitive diagnosis of LCD is by immunofluorescence (Figs. 3.166, 3.167). The pathognomonic 
finding of MIDD is the presence of monoclonal immunoglobulin deposit in the glomerular and tubu- 
lar basement membranes, Linear staining is present in the tabular basement membranes, GBM, often 
in the mesangium, and less often in interstitium and vascular basement membranes. The deposits 
їп LCDD are most Frequently kappa light chains, with a kappa to lambda case ratio of 9:1 in a large 
series. In contrast, AL amyloid most frequently is due to lambda light chain. Occasionally, deposits 
that appear typical for LCDD by electron microscopy in patients with known monoclonal protein fail 
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FIG. 3.160 Light chain deposition disease (LCDD). gial expansion by 
light microscopy, with mild increase in mesangial cellularity and matrix. Specific diagnosis is made by 
immunofluorescence and confirmed by electron microscopy (ones silver stain, 4200). 


FIG. 3.161 Light chain deposition disease (LCDD). Small nodular areas of mesangial increase are 
present in this glomerulus (hematoxylin and eosin, x400}. 
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FIG. 3.162 Light chain deposition disease (LCDD). The characteristic nodular appearance of advanced 
CDD is illustrated. This may be difficult to distinguish from diabetes, although peripheral glomerular 
basement membranes are not quite as prominent as in diabetic nephropathy. Morphology of the 
nodules has been suggested to allow distinction between diabetic nephropathy and LCDD. However, 
in our experience, there is substantial overlap, and immunoluorescence and/or electron microscopy is 
necessary tor diagnosis (periodic acid-Schiff, x200). 


FIG. 3.163 Light chain deposition disease (LCDD). In this case, the nodules are variable from 
‘glomerulus to glomerulus and vary in number and in size, and stain with silver stain, all features 
postulated to allow distinction between diabetic nephropathy, which shows the aforementioned 
features, and light chain deposition disease, postulated to not show these features. There is even. 
arteriolar hyalinization. However, immunofluorescence and electron microscopy studies confirmed the 
diagnosis of LCDD, corresponding to the patient's monoclonal protein (Jones slve stain, x200). 


DISEASES ASSOCIATED WITH NEPHROTIC SYNDROME ae 


FIG. 3.164 Light chain deposition disease (LCDD). The expanded nodules of LCDD are shawn. In 
this case, the glomerular basement membrane also appears slightly prominent by ight microscopy, 
although immunofiuorescence and electron microscopy studies confirmed the diagnosis of LCDD 
(periodic acid-Sehift, хао). 


FIG. 3.165 Light chain deposition disease (LCDD). The tubular basement membranes are also affected 
ву deposits in LCDD, and are commonly thick and refractile. However, this appearance overlaps with 
the thickening and fibrosis that occur with any tubulointersial fibrosis lanes silver stain, x200). 


to stain with either kappa or lambda antisera, perhaps reflecting altered antigenicity not recognized by 
commercial antibodies, or possibly heavy chain deposition disease. 

By electron microscopy, granular, amorphous deposits are present along the inner aspect of the 
GBM and the outer aspect of tubular basement membranes in LCDD (Figs. 3.168-3.171). Vascular. 
basement membranes and mesangial nodules may also have deposits. The mesangial deposits are not 
sharply demarcated, Foot process effacement is variable. In general, there is no subitructural organiza- 
tion within the deposits. Rarely, there may be coexistent amyloid fibrils, 
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FIG. 3.166 Light chain deposition disease (LCD), Specific diagnosis of LCDD is made by 
immunafluorescence, with monoclonal light chain, more commonly kappa, staining of glomeruli in 
tubular basement membranes (апе карра immunofluorescence, x100). 


FIG. 3.167 Light chain deposition disease (CDD). The line 
basement membrane staining in LCDD в illustrated (anti-kapp: 


sppearance of the monacor 
immunofluerescence, x400) 


The clinical presentations of light and heavy chain deposition disease and heavy chain deposition 
disease (LHCDD and HCDD) are usual 


ria. Some patients with HCDD may have hypocomplementemia. Interestingly, some HCDD and 


nephrotic syndrome with hypertension and hematu. 


LHCDD patients have C antibody tests. Monoclonal protein in the blood 


cly positive hepa 


may be present, but the truncated monoclonal heavy chain in HCDD may be difficult to detect in 
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FIG. 3.168 Light chain deposition disease (LCDD). The deposits are finely granular and more 
amorphous than usual immune complexes, and generally аге found along the internal aspect of the 
glomerular basement membrane, filing up the lamina rara interna, sometimes with extension to the 
lamina densa (transmission electron microscopy, 11,250). 


Light microscopy in LHCDD and НСРР is varied and can be idistinguishable from LCDD. There 
may be mesangial proliferation or membranoprolfertive or nodular lesions (Figs. 3.172-3.174). As 
in LCDD, crescents may occasionally be present. Definitive diagnosis and distinction of these MIDD 
diseases is made by immunofluorescence. 

In LHCDD the immunolluorescence studies reveal both a monotypic heavy and light chain 
within the deposits, whereas in HCDD only a monotypic heavy chain is identified. The deposits are 
present along the GBM, mesangium, and tubular basement membranes (Figs. 3.175, 3.176). The 
predominant class of heavy chain causing HCDD is gamma, although rare eases of alpha have also 
been reported. 

By electron microscopy, deposits in LHCDD have been divided into three differing types. These 
deposits may be punctate as in LCDD, confluent and homogeneous as in immune complex disease, or 
they may lack density and be invisible at the ultrastructural level (Figs. 3.177-3.180). We have rarely 
observed combined subendothelia and subepithelial deposits in LHCDD (see Fig. 3.178). In HCDD, 
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FIG. 3.169 Light chain deposition disease (LCDD). The granular, somewhat amorphous deposits of 
COD are shown. There is not a clear border between the deposits and the remaining glomerular 
basement membrane. Occasional granular deposits permeate inta the lamina densa, but the deposits 
эге mostly concentrated along the lamina rara interna (transmission electron microscopy, 0.000). 
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is shown in an early case of LCDD, with specific diagnosis confirmed by immunefluorescence (transmission 
electron microscopy «12,000. 


FIG. 3.171 Light chain deposition disease (LCDD). The deposits along the tubular basement membrane. 
are granular, and typically along the outer aspects (transmission electron microscopy, 4400), 
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FIG. 3.172 Light and heavy chain deposition disease (LHCDD). The light microscopic appearance may 
range from minor mesangial expansion with increased mesangial matrix and cellularity to an overt 
modular sclerosis. There is early surrounding tubulainterstitial fibrosis (Jones silver stain, x100} 


FIG. 3.173 Light and heavy chain deposition disease (LHCDD). A membranoproliferative 
pattern with increased mesangial cells and matrix is evident in this case of LHCDD, confirmed 
by immunofluorescence and electron microscopy. There is mesangial interposition, but no overt 
‘endocapilary hyperceilularity (ones silver stain, x400). 
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/ Light and heavy chain deposition disease (LHCDD). This case demonstrated nodular 
lemerulosceross, indistinguishable by light microscopy from light chain deposition disease. Specific 
diagnosi was made by immunofluorescence and electron microscopy (Jones siver stain, 200) 


FIG. 3.175 Light and heavy chain deposition disease (LHCDD). There is strong glomerular capillary 
loop and mesangial staining їп a smudqy, continuous pattern along the glomerular basement 
membrane. There is also tubular basement membrane staining (lt) (anti-IgG immunofluorescence, 
жоо). 
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не 
confirmed by monoclonal staining with ight ch 


Staining for 


Light and heavy chain deposition disease (LHCDD). The diagnosis of LHCDD was specifically 
in, in addition to restricted heavy chain staining. 
kappa immunofluarescence, x400). 


bda was negati 


the deposits appear finely granular, and ill defined, permeating the lamina densa of the GBM and the 


mesangial nodules. Finely granular deposits are also present within the tubular basement membranes 


and vascular basement membranes (Fig. 3.181). 


The physicochemical properties of the monoclonal protein determine whether it results in lig 
id, light chain cast nephropathy, light chain prox 
tubulopathy, or occasionally, combined lesions. E 


deposition disease (or LHCDD, or НСРР), amyl 


ant experiments infusing monoclonal pro- 


teins from patients into mice replicated the type of renal lesion caused by the monoclonal protein in 
idis УУ, and thus 
more common than kappa, reflecting the ability of the light chain to form a 


patients in the mouse model. The more frequent precursor protein in AL amyl 


lambda AL amyloid is f 


beta-pleated sheet. In contrast, LCD commonly is composed of kappa chain deposits, specifically the 
VaV 
an antigen-bindin 


tup, which has a longer complementarity-determining region 1 loop. This loop is part of 
d and increase 


ite with several unusual hydrophobic residues that are glycosyl 
posts The light chains that 


accumulate in LCDD can also stimulate synthesis nf extracellular matrix proteins by mesangial cells, 


the propensity of the light chain to precipitate in tissue as amorphous 


contributing to the advanced lesion of nodular sclerosis, Evidence supports that LHCDD and HCDD 


result from deletion of one of the heavy chain domains, resulting in truncated heavy chains both in 


the circulation and in the renal deposits. Gamma heavy chain is the most с 
HDD. The CHI deletion of the heavy ch 
of HCDD, preventing binding to heavy chain binding 


iin appears to play а key pathogenic role in these rare cases 


rotein in the endoplasmic reticulum and appro- 


priate assembly with light chains. 
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FIG. 3.177 Light and heavy chain deposition disease (LHCDD). Subendothelial deposit are present 
with a vague, coarsely fibrillar substructure. There в also cellular interposition (transmission electron 
microscopy, 20230). 


2 Monoclonal staining of glomeruli and tubules 
+ Variable light microscopic appearance—mesangial proliferative to nodular 
= Amorphous deposits by electron microscopy 


AMYLOIDOSIS 


Amylaidosis is defined as the deposition of proteins that have the capacity to form beta-pleated sheets 
and are therefore resistant to degradation. Amyloid isa systemic disease, and different amyloids have 
somewhat differing propensities for tissue-specific involvement. The amyloid may be hereditary, sec- 
ondary to chronic inflammatory conditions (AA), due to monoclonal protein or other (Table 3.5). The 
specific type of amyloid is diagnosed by immunohistology and/or mass spectrometry. The most com- 
mon presentation of AA amyloidosis (due to active serum amyloid A protein) is that of renal disease, 
and AL amyloid (due to monoclonal light chain) also frequently involves the kidney. 


b CHAPTER З GLOMERULAR DISEASES 


deposits are present, with a coarsely fibrillar substructure. The specific diagnosis was verified by 
їттипобиогевсепсе (transmission electron microscopy, х8000} 


FIG. 3.179 Light and heavy chain deposition disease (LHCDD). In other cases of LHCDD, the deposits 
may be granular, asin light chain deposition disease, or appear аз usual immune complex type. 
deposits, as in areas of this case. There are massive mesangial deposits, which extended into the 
subendothelial areas (transmission electron microscopy, x800). 
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FIG. 3.180 Light and heavy chain deposition disease (LHCDD). Оп higher power, a vague, short 
fibrillary substructure is evident in this case of LHCDD (same case as in Figure 3.179) (transmission 
electron microscopy, «4t 00). 


When amyloid involves the kidney, nearly half of patients have nephrotic range proteinuria, regard- 
less of the peptide origin of the amyloid, Occasionally patients present with concentrating defects due 
to tubulointerstitial amyloid deposition, Additional extrarenal manifestations include carpal tunnel 
syndrome, peripheral neuropathy, liver dysfunction, macroglossa, and congestive heart failure due 
to cardiac amyloidosis. Cardiac involvement is rare in AA amyloidosis, contrasting with the frequent. 
heart abnormalities in AL and transthyretin (АТТА) amyloidosis. Patients with AL amyloid may also 
show signs related to the underlying plasma cell dyserasia, such as anemia. In a large US. series of 
mostly adult native kidney biopsies, amyloidosis was the diagnosis in 2% of renal biopsies, and AL 
amyloid was the most common type of amyloid. In contrast, in developing and Mediterranean coun- 
tries, renal amyloid is more commonly AA amyloid. The age of the patients reflects the underlying 
conditions causing amyloid formation. 

Patients with AL amyloid are typically middle-aged or older adults. In contrast, familial Mediter- 
ranean fever may result in amyloid even in early childhood. 

Hereditary amyloids are autosomal dominant, and are caused by mutation in one of various pro- 
teins. Amyloid due to transthyretin is most common (АТТА), with other more rare forms that can 
involve the kidney listed in Table 3.5. Patients with hereditary amyloid present at older age, with symp- 
toms depending on organ involvement, which commonly include heart, gastrointestinal tract, new 
ropathy, and kidney. Leukocyte chemoattractant factor-2 (LECT2) amyloid is of unknown etiology 
“These patients аге older and mostly Mexican-American with equal male/female ratio. 
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FIG. 3-181 Light and heavy chain deposition disease (LHCDD). There are frequent tubular basement 
membrane deposits in LHCDD. They are granular without discrete borders (transmission electron. 
microscopy 25,625). 


"The prognosis of patients with amyloidosis varies according to the type of amyloid and underly- 
ing associated condition. No specifie treatment of hereditary amyloid is available, but liver transplant. 
may remove the major source of amyloid in some (eg, А Fib), and heart transplant may prolong life in 
patients with ATTR cardiac involvement. 

Patients with AL amyloid showed hematologic response to treatment in about half of cases, with 
corresponding stabilization or even improvement of organ dysfunction related to amyloid deposits, 
‘with 45 years median survival. In patients who cannot receive aggressive treatment of the underlying 
plasma cell dyscrasa, survival is poor, Those with cardiac involvement had 4 months median survival. 
In contrast, survival of up to 15 years has been observed in patients with ATTR amyloidosis, 

About 15% of patients have concomitant light chain east nephropathy (see Light Chain Cast 
Nephropathy) caused by the monoclonal protein, with resulting acute kidney injury and worse prog- 
nosis. Vigorous treatment and removal of the underlying inciting inflammation in AA amyloidosis may 
halt progression, Overall survival of AA amyloid when the kidney is involved is about 40% at 5 years 
afier diagnosis Colchicine has been used in some cases of familial Mediterranean fever-associated AA 
amyloidosis, although the efficacy of this approach in other forms of amyloidosis has not been shown. 
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Amyloid Underlying Protein Special Features 


Monoclonal protein 


AL Immunoglobulin Tight chain Common Kidney involvement 
(lambda more common than kappa) 


AH Immunoglobulin heavy chain 

Hereditary (autosomal dominant) 

Аро Al, Il, IV Apolipoprotein Al, All or AIV Cardiac involvement common 

AGel Gelsolin 

Alys lysozyme 

ACys Cystatin С 

AFibAa Fibrinogen Ax 

Абу Cystatin С 

ATIR Transthyretin Familial, or senile, sporadic, cardiac 
involvement common. 

Inflammatory 

AR Serum AA protein Chronic inflammatory/infection/EMF 

‘Other 

Alec, Leukocyte chemotactic factor2 More commonly Hispanic 

ARM. Beta-2 microglobulin. Associated with dialysis 


FIG. 3.182 Amyloidoss. Amyloid deposits may be small and inconspicuous by light microscopy. There 
is only minimal mesangial expansion, and occasional small feathery spikes along the peripheral 
basement membrane (5 o'clock}. Amyloid deposition must be verified by Congo red positivity, and can 
alsa be verified by electron microscopy (lanes silver stain, #400) 


By light microscopy, there may be only minimal mesangial expansion ог segmental areas of 
‘amorphous, acellular pale eosinophilic material (‘cotton candy" appearance) (Figs 3.182, 3.183). The 
glomeruli may alo have massive amyloid deposits and show a nodular appearance, typically without 
marked increase in cellularity (Figs. 4184-3186). The GBM may also have amyloid deposits, which 
typically are segmental, giving rise to irregular thickening with a feathery spike appearance on Jones 
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FIG. 3-183 Amyloidosis. There is very segmental amorphous, eosinophilic, fluffy "cotton candy" 
appearance material in the mesangium, and very segmentally along the capillary wall (Jones silver 
stain, t). 


FIG. 3184 Amyloidesis. Massive amyloid deposits are present in glomeruli and arterioles. There is a 
modular appearance due to amorphous, acellular eosinophilic pale material, characteristic of amyloid 
(hematoxylin and eosin, 100] 
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FIG. 3.185 Amyloidesis. The slightly chunky appearance of the amorphous, acellular amyloid deposits 
expanding the mesangial areas with focal extension to capillary loops is shown (hematoxylin and 
eosin, 200). 


FIG. 3.186 Amyloidosis. There is massive amyloid deposition within the arteriole, and moderate 
‘expansion of the mesangium with amorphous, pale, "cotton candy appearance” material within the 
mesangium with occasional peripheral loop alteration (lanes silver stain, x200), 
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FIG. 3:187 Amyleidesis. Moderate mesangial expansion due to amyloid is shown, along with 
segmental feathery spikes. These are not as short and well defined as the spikes due to the glomerular 
basement membrane reaction in membranous glomerulanephritis, and appear rather like "he fringe 
on a rug," or "Mohawk" hairdo. These longer feathery spikes may be seen with marked peripheral 
loop amyloid deposit due to the basement membrane reaction (Jones silver, x400). 


FIG. 3-188 Amyloidoss. Large feathery spike reaction due to amyloid infiltration of the peripheral 
capillary loop is shown, with a tangential section of such a spike reaction giving a corona appearance 
[Bottom let Jones silver stain, 00]. 


silver stain (Figs 3.187. 3.188). Amyloid deposits often also involve arterioles and arteries with acellu- 
lar chunky, pale material (see Fig. 3.186). The interstitium and tubules may also show similar acellular, 
pale eosinophilic amyloid material (Fig. 3.189) Histologic pattern of renal involvement is not defini 
tive in differentiating various forms of amyloid, although amyloid derived from the fibrinogen alpha 
chain are localized to glomeruli, whereas apolipoprotein AL-derived amyloid preferentially involves 
the medulla. A recent classification describes extent of amyloid; whether minimal clas I, mesangial 
class П, focal MPGN dass Ш, diffuse MPGN class IV, membranous css V, or advanced renal amyloi- 
dosis class VI 
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FIG. 3.189 Amyloidosis. Amyloid may also involve the tubulointersitium, with pale, amorphous 
acellular areas, which should not be mistaken for areas of necrosis. Note the absence of karyorrhenis, 
‘which would typically be present with necrotic lesions (hematoxylin and eosin, х200). 


the Conga red stain must be verified by viewing under polarized light, with apple-green appearance (see 
Fig. 3.191) (Congo red, 200). 


Definitive diagnosis is made by Congo red stain detecting apple-green birefringence under polar- 
ized light (Figs. 3.190-3.192), This stain should be done оп a section cut thicker than normal, 4-6 um, 
to optimize detection of amyloid proteins, Preesposure of slides to potassium permanganate tends to 
abolish Congo red positivity of AA, but not AL amyloid, although this technique is no longer in com- 
тип use because of its insensitivity and the availability of antibodies to AA and light chain proteins, 
and other amyloids 
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FIG. 3.191 Amylaidesis. Amyloid gives a characteristic apple-green birefringence when stained with 
Congo red and viewed under polarized light. There is amyloid deposition in the mesangial area, 
capillary loops, and weakly in the interstitium (Congo red under polarized light, 200) 


FIG. 3:192 Amyloidosis. Tubular involvement with amyloid is verified by apple-green birefringence 
under polarized light. By light microscopy, these deposits were not readily apparent (Congo red under 
polarized light, 400), 
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FIG. 3.193 Amyloldosis Amyloid due to light chain deposition (AL amyloid) will often show preferential 
staining with the light chain. Lambda light chain more frequently is amyloidogenic than kappa light chain. 
The positivity is usually smudgy, and follows the distribution of amyloid seen by ight microscopy (ant 
lambda immunofluorescence, x400} 


FIG. 3.198 Amyloidoss, Secondary amyloid due to the acute phase reactant protein may be diagnosed 
by specific immunostaining (AA amyloid). This patient had tuberculosis infection as the presumed 
underlying etiology of her extensive amyloid deposits (anti-A immunahistochemistry 100). 


By immunofluorescence, AL amyloid shows positivity for the corresponding light chain in a 
smudgy pattern, mirroring the light microscopic distribution of amyloid deposits (F ). In non 
light chain amyloid, immunofluørescence shows no specifie staining (i ). Additional immu- 


inyleid in cases that are 


nohistochemistry or mass spectrometry can usually identify specific type ol 
mon-AL, non-AA, with important implications for specific treatment of the underlying cause of the 
precise amyloid type. However, mass spectrometry may not detect minute deposits of amyloid seen 
by microscopy. 
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FIG. 3.195 Amyloidosis. Amyloid appears as randomly oriented fibrils, approximately 10 nm in 
diameter by electron microscopy. Fibrils can be found in the mesangium, the glomerular basement 
membrane, tubules, interstitium, and vessels. A specific diagnosis of amyloid should be verified by 
Congo red positivity, as there may be some overlap in fibril size with fibrillary glamerulonephritis. In 
this case, there is moderate expansion of the mesangium due to amyloid, with segmental capillary 
loop involvement (transmission electron microscopy, 3000) 


fibrils in the mesangium, underlying the endothelium, is apparent (transmission electron microscopy, 
20,000), 


Electron microscopy shows nonbranching 8-12-nm-diameter fibrils with random orientation 
(Figs. 3.195-3.197), Amyloid fibrils may be present in the mesangium, along the basement membrane, 
‘where they form the feathery spike appearance by light microscopy, in arterioles, and tubulointer- 
stitium, OF note, the fibrils in fibrillary glomerulonephritis tend to be slightly thicker than amyloid 
fibrils, bat there may be overlap in individual cases. Fibrillary glomerulonephritis also has distinct 
{mmunofluorescence findings, with prominent mesangial, and to lesser degree capillary wall staining 
‘with polyclonal IgG and complement, which also differentiates this entity from amyloid. Congo red 
staining should be used for ultimate diagnosis of amyloid, and additional tests done to determine type 
of amyloid (see Differential Diagnosis of Fibrils Under Fibrillary Glomerulonephritis) 
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(transmission electron microscopy, 25,000. 


197 Amyloidesis. Randomly oriented, 8-10-nm fibrils, typical of amyloid within the mesangium 


Etiology/Pathogenesis 
Amyloid proteins are а group of proteins that share the common characteristic of the ability to 
form heta-pleated sheets, which are resistant to proteolysis. Mare than 20 different types of amyloid 
have been identified, Light chain (AL) amyloid is much more commonly lambda than kappa, likely 
reflecting the propensity of the molecules to form beta-pleated sheets, AA amyloid is due to the 
acute phase protein formed in response to chronic infection such as tuberculosis, osteomyelitis, 
or chronic inflammatory conditions such as rheumatoid arthritis, Other amyloids are associated 
with, for example, familial conditions (transthyretin), familial Mediterranean fever, or dialysis (f 
microglobulin). Recent evidence has focused interest on amyloid P protein, which associates with 
the amyloid. Amyloid, regardless of type, is resistant to proteolysis due at least in part to its binding 
to the normal constituent serum amyloid P component (SAP). Exciting results have been obtained 
with targeted pharmacologic and antibody-mediated depletion of SAP. A palindromic compound, 
abbreviated CPHPC ((R)-1-[6-{(B)-2-carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrroliine-2-car- 
baxylic acid), that acts as a competitive inhibitor of SAP binding to amyloid, and depletes SAP 
from plasma, Additional infusion of antibody to SAP targeted tissue deposits, and resulted in eross- 
linking with amyloid, dimerization, and rapid clearance by the liver with decreased amyloid load, 
including in the kidney, in patients by whole body scintigraphy or magnetic resonance imaging. 
Specific clearance of deposits by this approach was demonstrated in an experimental model. Inhil 

tion of amyloid fibril formation by small molecules that appear to fonction by shifting the aggrega 
tion equilibrium away from the amyloid state has been successful in treating transthyretin amyloid. 
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PROLIFERATIVE GLOMERULONEPHRITIS WITH MONOCLONAL 
DEPOSITS 


‘This unusual manifestation of monoclonal protein-related kidney disease differs from the MIDD 
group above in that there are no extraglomerular deposits. In a recent large series, half had nephrotic 
syndrome, about two-thirds had renal insufficiency, and three-fourths had hematuria A serum mono- 
clonal protein corresponding to the type identified in the glomeruli was identified in only а third of 
patients. Only one patient had myeloma, and development of myeloma was also rare during follow-up. 
About a third ofthe patients had complete or partial recovery, а third had persistent renal dysfunction, 
and about 20% progressed to end-stage renal disease. Poor prognosis was associated with higher initial 
serum creatinine, extent of glomerulosclerasis, and interstitial fibrosis. Proliferative glomerulonephri- 
tis with monoclonal deposits (PGNMID) can recur in the transplant despite the absence ofa detectable 
M-spike. Lesions were variable, with proliferative or mesangial proliferative lesions, and responded to 
increased immunosuppression with cyclophosphamide or rituximab, 

Light microscopy shows predominantly proliferative lesions, frequently with double contour 
GBMs and occasionally with membranous Features (Figs. 3.198-3.200). Crescents may occasion- 
ally be present. Immunofluorescence shows mesangial and chunky capillary wall, or occasional 


‘membranous granular pattern staining for IgG, with monoclonal restriction, most commonly 
IgG3 and kappa (Fig. 3201). Electron microscopy reveals granular, nonorganized mesangial and 
subendothelial with occasional segmental epimembranous or intramembranous deposits that are 
not distinguishable from usual immune complex-type deposits (Fig. 3.202). Tubular basement 
membranes show no deposits. 


ASS р, 4 
FIG. 3.198 Proliferative glomerulonephritis with monoclonal deposits (PGNMID) There is diffuse and 
global endocapillary hypercellularity їп PGNMID (periodic acid-Schiff, x400). (Case kindly shared by 
Samih Н. Nast MD, Consultant, Anatomic Pathology, Assistant Professor of Laboratory Medicine and 
Pathology, College of Medicine, Mayo Medical School and Vivette D'Agati, MD, Professor of Pathology, 
New York Presbyterian Hospital at the Columbia University Medical Center) 


FIG. 3.199 Proliferative glomerulanephritis with monoclonal deposits PGNMID). Global endocapillary 
hypercellularity is evident, with frequent but segmental celular interposition periodic acid-Schif, 
»400). (Case kinly shared by Samih H. Nasr, MD, Consultant, Anatomic Pathology, Assistant Professor 
of Laboratory Medicine and Pathology, College of Medicine, Mayo Medical School and Vivette D'Agati 
MD, Professor of Pathology, New York- Presbyterian Hospital at the Columbia University Medical 


endocapillary hyperceliuiarty, and aso small cellular crescent (periodic acid- Schi, «00. (Case kindly 
shared by Samih Н. Nasr, MD, Consultant, Anatomic Pathology, Assistant Profesor of Laboratory 
Medicine and Pathology, College of Medicine, Mayo Medical School and Vivette D'Agati, MD, 
Professor of Pathology, New York-Presbyterian Hospital at the Columbia University Medical Center) 
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FIG. 3201 Proliferative glomerulonephrits with monoclonal deposits (PGNMID). Deposits stain 
with IgG, but show clonal restriction, staining most typically only with карра, in a chunky irregular 
‘mesangial and capillary loop pattern. There are na deposits along tubular basement membranes 

eft panel, ant-kappa; right panel, anti- lambda immunofluorescence, x400}. (Case kindly shared by 
Samih Н. Nasr, MD, Consultant, Anatomic Pathology, Assistant Profesor of Laboratory Medicine and 
Pathology, College of Medicine, Mayo Medical School and Vivette D'Agati, MD, Profesor of Pathology, 
New York Presbyterian Hospital at the Columbia University Medical Center). 


FIG. 3202 Proliferative glomerulonephrits with monoclonal deposits (PGNMID). By electron 
microscopy, deposits are widespread with numerous mesangial, subendothelial, and occasional 
intramembranous or subepithelial deposits. Deposits appear as usual immune complexes with 

по distinct features by electron microscopy, and the specific diagnosis of PGNMID relies on 
immunofluorescence findings. Foot processes show extensive effacement and there is cellular 
interposition (left) (transmission electron microscopy, x8000) (Case kindly shared by Samih Н. Nast, 

MD, Consultant, Anatomic Pathology, Assistant Professor of Laboratory Medicine and Pathology, 
College of Medicine, Mayo Medical School and Vivette D'Agati, MD, Professor of Pathology, New York 
Presbyterian Hospital at the Columbia University Medical Center) 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsultcom. 
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Etiology/Pathogenesis 
1gG3 was found in about two-thirds of PGNMID cases, although it is the rarest of the four IgG iso- 
types and was associated with C3 deposition and in some cases hypocomplementemia. IgG3 is neph- 
ritogenic and avidly fixes complement, and its high molecular weight and anionic charge favor its 
localization to the glomerular capillary wall In PGNMID, unlike heavy chain deposition disease (see 
earlier), no mutations of the constant regions of IgG were detected. Further elucidation of specific 
physicochemical features of IgG3 in PGNMID may shed light on its pathogenesis 


у Diagnostic Findings Glomerulonephritis With Monoclonal 


Deposits 


“Monoclonal staining of glomeruli for IgG and light chain 

‘+ Membranoproliferative pattern by light microscopy (rarely membranous pattern, rarely cres- 
cents) 

+ Subendothelial and mesangial, rarely subepithelial, deposits by electron microscopy, indistin- 
guishable by electron microscopy from usual-type immune complexes 


Differential Diagnosis of PGNMID 


= Membranoproliferative glomerulonephritis due to immune complexes (eg, lupus nephritis, 
chronic infections) shows polyclonal staining of deposits (ie, both kappa and lambda) 

‘+ Heavy chain deposition disease: differentiate by the presence of light and heavy chain mono- 
clonal staining in PGNMID 

+ Light and heavy chain deposition disease: differentiate by the absence of tubular staining in 
PGNMID 

PGNMID, Proliferative glomerulonephrits with monoclonal deposits. 
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HIV-ASSOCIATED NEPHROPATHY 


Patients present at any age, and typically have had HIV infection for several years, although occasion- 
ally HIVAN may precede other manifestations of HIV infection. Patients present with abrupt onset 
of nephrotic-range proteinuria, often with rapid downhill course of GFR, Despite marked protein- 
uria, patients usually do not manifest edema or hypertension. Renal enlargement is common. The 
vast majority of affected patients are black. Progression to end-stage kidney disease occurs rapidly 
in many patients, Antiretroviral therapy has allowed AIDS to become a chronic manageable dis- 
ease, and patients with HIVAN also now have slower disease progression. Repeat biopsies, or late- 
stage biopsies, may then show few active collapsing lesions, and more solidified globally sclerotic 
glomeruli 

By light microscopy, there is a collapsing form of focal segmental glomerulosclerosis with col- 
lapse of the glomerular tuft and hyperplasia and hypertrophy of overlying visceral epithelial cells with 
prominent protein droplets (Figs. 3.203-3.208). This proliferation should not be mistaken for a cres- 
cent. The entire tuft or just segments of the glomerulus are collapsed with wrinkling of the GBM. 


Bowman space may therefore appear dilated. With progressive disease, there may be solidification of 
glomeruli and segmental sclerosis and adhesions (see Fig. 3.204). There are associated, disproportion- 
ately severe tubulointerstitial lesions with cystic dilation of tubules and tubular degeneration affecting 
all tubule segments (see Fig, 3205). Tubular epithelial cells often contain prominent protein droplets. 
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FIG. 3203 HIV-associated nephropathy (НМА) There is segmental to global collapse of the capillary 
tuft with overlying visceral epithelial cell hyperplasia, without deposits. In addition, frequent reticular 
aggregates are present in the endothelial cell cytoplasm, seen by electron microscopy. 


FIG. 3208 HIV-associated nephropathy (HIVAN). There is disproportionately severe microeystic tubular 
injury with tubulointerstitial inflammation, and extensive glomerulosceresis. Some of the glomerular 

tufts have retracted and have а collapsed appearance, with apparent dilation af Bowman's space (top 

left in this autopsy specimen from a patient who died with HIVAN (Jones silver stain, 100 
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where the lobule is retracted and collapsed with overlying glomerular visceral epithelial cell 
hyperplasia, often with prominent protein droplets Jones silver stain, 200. 


NPE oss vw 
FIG. 3208 HIV-associated nephropathy (НАМ). The segmental collapse of the lobule of the 
glomerulus В shown with prominent overlying visceral epithelial cell proliferation, with protein 
droplets (ones silver stain, i00). 


FIG. 3209 HIV-associated nephropathy (HIVAN). There are no immune deposits, but affected 
glomeruli show extensive corrugation and collapse of the basement membrane, with overlying visceral 
epithelial cell hyperplasia and extensive foot process effacement. In distinction to idiopathic collapsing 
‘lomerulopathy, there frequently are numerous reticular aggregates in endothelial cell cytoplasm. 

{transmission electron microscopy, x800). 


“The interstitium shows edema and a variable infiltrate with mainly lymphocytes and occasional mono- 
cytes and plasma cells (see Fig. 3.205). With progression, there is interstitial fibrosis and tubular atro- 
phy, Vessels do not show any specific changes 

Immunofluorescence studies do not show immune complex deposits but may show nonspecific 
IgM and C3 in mesangial areas, The protein droplets in the podocytes may stain for any Ig, including 
[IgG and IgA. The specific location and round, globular patter of this staining allows distinction from. 
immune complexes 

Electron microscopy demonstrates collapse of the tuft and proliferation of the visceral epithe- 
lial celle with foot process effacement (Fig. 3.209). Reticular aggregates, also known as tubulore- 
ticular inclusions, are present in endothelial cell cytoplasm (Fig. 3210) in HIV-infected patients, 
whether they have nephropathy or not. These structures of approximately 25 nm in diameter 
are related to elevated levels of interferon-alpha and are present systemically in the endoplas- 
mic reticulum, particularly in endothelial cells. Reticular aggregates are particularly numerous in 
patients with HIV infection or with SLE and are markers of the underlying systemic condition, 
not specifically of nephropathy. Reticular aggregates are less frequent in patients on highly active, 
combined antiretroviral treatment. 
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FIG. 3210 HIV-associated nephropathy (HIVAN). In HIVAN, there typically are numerous reticular 
aggregates in endothelial cell cytoplasm throughout the Боду, a marker of high interferon levels in 
HIV infection (transmision electron microscopy, х25,625). 


Etiology/Pathogenesis 

‘The specific pathogenesis of HIVAN has not been determined, Some investigators have found HIV 
antigens in glomerular visceral epithelial cells and in tubular epithelium. Whether HIV directly infects 
resident glomerular cells, and thereby causes the lesions, or whether injury is due to secondary cyto- 
kine effects, or both mechanisms contribute, has not been definitively proven. HIV transgenic mice 
and primates with simian AIDS have been extensively studied to elucidate the role of specific viral 
genes and systemic versus renal parenchymal factors in injury. Direct infection of podocytes with 
selected HIV genes in mouse models caused a collapsing glomerulopathy. 

"The podocyte is a major target of injury in HIVAN. There is dediflerentiation of visceral epithelial 
cells with loss of differentiation markers, such as the Wilms tumor antigen WT-1, and loss of eyelin- 
dependent kinase inhibitors The proliferating visceral epithelial cells do express markers of activated 
parietal epithelial cells, indicating either transiffcentation or migration of activated parietal epithe- 
lial cells to the glomerular tuft. HIVAN occurs much more commonly in HIV-infected black patients, 
whether African American or resident in other areas such as the Caribbean or Africa, than in white 
patients; 80-85% of HIVAN patients are black. In contrast, white HIV-infected individuals with renal 
disease studied in Europe had various immune complex and nonimmune glomerular diseases rather 
than HIVAN. Lesions other than HIVAN, including usual FSGS, and immune complex lupus-lke. 
lesions, also occur in some black African patients with HIV. The increased susceptibility to HIVAN 
in African Americans has been linked to risk allele variants, G1 and G2, in apolipoprotein L1 (Apo 
LI). These allele variants are protective against some trypanosomal disease. The increased prevalence 
of these АРОН risk alleles in the African American and black African populations could be caused 
by evolutionary survival benefit when exposed to trypanosoma. How these allele variants could cause 
kidney disease is unknown, 


Key Diag tures of HIV- 


sti 


Nephropathy 


2 Segmental or global collapse of tuft with overlying visceral epithelial cell proliferation 
+ Microcystic tubular injury, often with interstitial inflammation 
+ Reticular aggregates 
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Differential Diagnosis of Collapsi 


g Glomerular Le 


^ HIV-associated nephropathy (reticular aggregates by electron microscopy) 
^ Idiopathic variant of focal segmental glomerulosclerosis 

‘+ Associated with pamidronate or interferon treatment 

^ Severe ischemia (eg, calcineurin inhibitor therapy or other causes of ischemia) 
+ Parvo virus 

‘+ Systemic lupus erythematosus (rare) 
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SICKLE CELL NEPHROPATHY 


Patients with sickle cell disease have at least one sickle gene, with either homozygosity for the mutant 
HbS (sickle cell anemia), or sickle cell trait (HAS), or other genetic combinations Patients with sickle 
сей disease are at risk for developing progressive renal disease, which initially manifests as microal- 
‘buminaria in childhood, progressing to overt proteinuria and progressive decrease in renal function 
after age 20 years. Some 5-8% of all homozygous sickle cell patients develop renal failure, Patients 
typically also have hematuria and urine-concentrating defects. The prognosis is poor when patients 
have nephrotic syndrome and sickle cell nephropathy, with two-thirds developing renal failure and 
half dying within 2 years. 

"The most common renal diseases in sickle cell patients can be categorized as acute injury, includ- 
ing cortical infarcts, related to sickle cell crisis; acute or more insidious injury of the medulla, resulting 
in papillary necrosis and/or fibrosis; and chronic glomerular injury, manifesting as a secondary FSGS. 
Sickle сей crisis causes lodging of sickled red blood cells in vessels (Fig, 3.211). The medullary vasa 
secta are particularly vulnerable (Fig. 3212). The occlusion of normal blood flaw may cause cortical 
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FIG. 3211 Sickle сей nephropathy. In sickle cell crisis, massive sludging of red blood cells may occur in 
large vessels because of agglutination of the sickled red blood cells (hematoxylin and eosin, x100). 


FIG. 3212 Sickle cell nephropathy. Even without sickle cell crisis, there may be sickling of red blood 
cells in peritubular capillaries and in the vasa recta. There is surrounding edema and tubular injury in 
this patient who had sickle cell trait and died after extreme exertion and dehydration (hematoxylin 
and eosin, »400). 


infarcts ог occlude glomeruli with surrounding tubular injury (Fig, 3.213). Acute or more insidious 


injury due to subclinical sickling in the vasa recta can result in papillary necrosis, tubulbinterstitl 
fibrosis, and urine- concentrating defects, In the more chronic glomerular injury of sickle cell nephrop- 

athy, there is remarkable glomerular enlargement by light microscopy (Fig. 3.214), The mesangium 
may be expanded, but there is no avert proliferation. Secondary lesions of focal segmental and global 
slomerulosclerosis can develop later in the course (Fig. 3.215). These lesions are predominantly hilar 
and have been associated with hyalinosis, lipid vacuoles, and foam cells. The GBM may be thickened 
and duplicated, but without immune complex type deposits (Figs. 3.215, 3.216). Hemosiderin may 
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FIG. 3213 Sickle cell nephropathy. sickling may cause congestion of glomeruli in addition to 
peritubular capillaries. There is associated diffuse tubular injury and acute tubular necrosis in this 
patient who had acute sickle cell crisis (hematoxylin and eosin, x200). 


FIG. 3214 Sickle cell nephropathy. Chronically, sickle cell patients may have glomerular lesions 
characterized by extreme glomeruiomegaly, and a membranoproiferative and/or focal segmental 
Sclerosis pattern of injury. Mast often there are na immune complexes, and glomerular basement 

duplication and mesangial proliferation are due to chronic endothelial injury. Rare sickled cells are 
present (right) (hematoxylin and eosin, 200). 


be present in the glomerulus, including podocytes, and in tubular epithelial cells (Figs. 3.217-3.219). 
‘There is proportional tubulointerstitial fibrosis to the glomerulosclerosis. Vessels show no specific 
lesions. In stable patients not undergoing sickle cell crisis, only rare sickled cells can be detected, even 
‘when overt sclerotic lesions are present. 

Immunofluorescence microscopy typically shows only IgM, СЗ, and С1 in the sclerosed areas. 
Electron microscopy in sickle cell nephropathy with secondary focal segmental glomerulosclerosis 
shows subtotal foot process effacement overlying areas of sclerosis. Sickled cells may be detected (see 
Fig. 3.219). In eases with GBM double contours by light microscopy, there typically is only cellular 
interposition by electron microscopy without well-defined immune complex-type deposits (Figs 
3220, 3221) Sickle cell nephropathy can also recur in the transplant. 


DISEASES ASSOCIATED WITH NEPHROTIC SYNDROME 


A Y e X2. 


FIG. 3216 Sickle cell nephropathy. There are irregular glomerular basement membrane double 
contours and corrugation, along with mild mesangial hypercellularty with rare sicked cells in 
peripheral loops. This patient had secondary focal segmental glomeruloscerosis and marked 
proteinuria and no immune deposits Jones silver stain,» 1000). 
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be hemosiderin present in tubules and even glomerular 
cells. The hemosiderin is seen as brown chunky pigment within tubules. There is associated mild 
tubular atrophy and interstitial fibrosis. The glomerulus is markedly enlarged with mild mesangial 
‘expansion (hematoxylin and eosin, x200). 


FIG. 3218 Sickle cell nephropathy. Iron is readily and specifically demonstrated by a Prussian blue 
stain, There is iron within tubules, occasional interstitial macrophages, and rare staining of glomerular 
resident cells (Prussian blue stain, 200) 


FIG. 3219 Sickle cell nephropathy. There is apparent mesangial and podocyte localization of iron in 
this patient with chronic sickle cell nephropathy (Prussian blue stain, 1000 


FIG. 3220 Sickle cell nephropathy. The capillary loop is greatly distorted due to swollen endothelial cells 
and interposition without well-defined immune complexes. The capillary lumen is obliterated by sickled 
cells. The overlying foot processes are extensively effaced (transmission electron microscopy, 13,000), 
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FIG. 3221 Sickle cell nephropathy. There is marked mesangial matrix expansion and corrugation 
of the glomerular basement membrane. The capillary lumen is nearly occluded by sickled cells 
(transmission electron microscopy, 21.000). 


Etiology/Pathogenesis 

Patients with either homozygous sickle cell disease (HBSS), sickle cell trait (HAS), sickle cell thal- 

assemía, or hemoglobinopathy HBS/HDC (and other rare genetic combinations) may develop any 
renal disease related to sickling, including sickle cell nephropathy. Sickle cell trait may also result in 
significant sickling and even sickle cell crisis, but has only rarely been reported to cause sickle cell 
nephropathy. The pathogenesis of sickle cell crisis is related to decreased oxygen tension, particularly 
duc to dehydration and exercise, triggering sickling, The vasa recta are particularly vulnerable because 
of relative hypoxia, low pH, and hypertonicity of the medulla, which all promote polymerization of 
the abnormal hemoglobin and sickling of red blood cells. Papillary necrosis occurs secondary to the 
sickled red blood cells occluding blood flow. In patients with gradual development of proteinuria and 
chronic renal insufficiency, the postulated pathogeneses relate to chronic hypoxia, endothelial injury 
related to iron/heme components and sickling of red blood cells, imbalance in nitric oxide, and sec 

‘ondary mechanisms of marked glomerular hypertrophylhypertension and hyperfiltration, all culmi- 

nating in segmental sclerosis. In hemoglobin SC disease, peritubular capillary and vasa recta thrombi 
and capillary basement membrane multilayering, indicative of chronic endothelial injury are present 
predominantly їп the renal medulla. Transgenic sickle cell mice are being studied to Further elucidate 
the pathogenesis of renal disease and efficacy of interventions. Clinical trials are ongoing in sickle cell 
patients with microalbuminuria, which i evidence of early renal injury, to assess the effect of treating 
‘with angiotensin-converting enzyme inhibitors. Recently sickle cell trait has been postulated to modify 
risk for chronic kidney disease. 
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FABRY DISEASE 


Fabry disease is an X-linked deficiency of alpha-galactosidase A, leading to accumulation of glyco- 
sphingolipids. Hemizygous males experience multisystem symptoms starting in infancy or childhood, 
with painful neuropathies and skin, cardiovascular, and renal disease. The early renal manifestations 
are a concentrating defect, with proteinuria appearing in adulthood, and renal failure developing by 
age 40-50 years. Even young affected bays may also have albuminuria and show structural lesions 
on kidney biopsy. Patients also develop hemangiomas, conjunctival telangiectasias, corneal and len- 
ticular opacities, and abnormal intestinal mobility. The typical skin lesion is the red nonblanching 
papular angiokeratoma corporis diffusum. Renal transplantation has obviated death from chronic 
renal failure, but does not provide sufficient normal enzyme to prevent systemic manifestations of 
disease. Patients with residual enzyme activity and heterozygous females often have milder course of 
the disease. However, heterozygous females may also be affected, depending on degree of lyonization. 
of the mutated allele. Thus, some female ear 
kidney disease, 

With standard processing, the accumulated galactosyl ceramide is extracted by xylene, Lec- 
tin histochemistry on Epon-embedded material to stain lysosomal sugar residues can be useful 


rs also develop significant disease, including end-stage 


for specific diagnosis. By light microscopy. podocytes and tubular cells are prominently vac. 
lated (Figs. 3222-5224), With progressive disease, mesangial expansion and glomeruloslerosis 
develop, with proportional interstitial fibrosis and tubular atrophy. There may be segmental GBM 
double contours, Inclusions are also present early in Henle loop and especially the distal tubule, 
and occasionally in the proximal tubule (Figs. 3 

even in early disease. Standard immunolluorescence may show IgM and СЗ trapping in mesan- 
gial areas. Ву electron microscopy, inclusions in lysosomes are widespread and may be present 
in ай renal cells. The inclusions vary in size and structure, and have been called myelin bodies, 
‘whorled or lamellated inclusions, or zebra bodies (Figs. 3.228-3.230), The lamellated inclusions 
shove alternating dark and light layers with a periodicity of 25-50 A, These inclusions are most 
prominently present in podocytes but also are variably present in parietal epithelial cells, endothe- 
lium, particularly of the peritubular capillaries, and interstitial cells, The vascular smooth muscle 
cells also show inclusions. Distal tubules show frequent inclusions, A recent large biopsy study of 


3.227). Vascular sclerosis can be prominent 
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FIG. 3.222 Fabry disease. The podocytes and parietal epithelial celis show а vacuolated, honeycomb 
appearance resulting from accumulation of the abnormal giycosphingolipid in Fabry disease, with 
Extraction of the lipid during standard light microscopic processing. Endothelial and mesangial cells 
re es prominently affected in this glomerulus (hematoxylin and eosin, x200) 


with a vacuolated, honeycomb appearance, due to extraction of the accumulated lipid during 
standard light microscopic processing. There is also associated mild mononuclear cell infiltrate. Lesser 
‘alycosphingolipié accumulation is present in the parietal epithelial cells (hematoxylin and eosin, 200). 
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FIG. 3224 Fabry disease. The vacuolated, honeycomb appearance of the podocytes is due to the. 
accumulation of glycosphingolipid, which is extracted during standard ight microscope processing, 
Lesser accumulation in mesangial or endothelial cell is seen on the left, along with a mononuclear cel 
infiltrate (hematoxylin and eosin, 400). 


e 
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FIG. 3225 Fabry disease. On the toluidine blue-stained plastic-embedded sections, the lipid can 
be directly visualized, and lysosomal inclusions and myelin bodies are numerous, especially in the 
podocytes. Surrounding tubular epithelium also shows this accumulated glycosphingolipid, with focal 
accumulation in parietal epithelial cells (toluidine blue, x00), 


FIG. 3.226 Fabry disease. Massive accumulation of lysosomal inclusions and myelin bodies is present in 
podocytes, with lesser accumulation in parietal epithelium and adjacent tubular epithelium (toluidine 
blue, x400) 


FIG. 3.227 Fabry disease. The myelin bodies and lysosomal inclusions, some of which are lamellated 
are abundant in podocytes, with lesser accumulation in mesangial cells and adjacent proximal tubular 
cells and parietal epithelial cells (toluidine blue, «1000 


FIG. 3228 Fabry disease. Lysosomal inclusions with lamellated structure are abundantly present in 
the padacyte. The glomerular basement membrane йе! (upper left) is intact (transmission electron 
microscopy, 12000) 
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FIG. 3229 Fabry disease. Lysosomal inclusion with so-called myelin body appearance in the padacyte 
(transmission electron microscopy, 34,00). 
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FIG. 3230 Fabry disease. Dense Iysosomal inclusions within tubular epithelium (transmission electron 
microscopy, x34,000) 


59 adult patients, including 24 females, showed that chronic kidney disease stage correlated with 
severity of arterial and glomerular sclerosis. Significant changes, including segmental and global 
sclerosis, and interstitial fibrosis, were seen even in patients with stage 1-2 chronic kidney dis 
езге with minimal proteinuria. Interestingly, mosaic appearance of podocytes by EM, with lipid 
{inclusions in some, and none in other podocytes, may shed light on structural changes in affected 
versus nonaflected podocytes in female carriers 
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Etiology/Pathogenesis 
Fabry disease is an X-linked recessive disease due toa deficiency of alpha-galactesidase, Disease occurs 
due to accumulation of intracellular glycosphingolipid globotriaosylceramide (СЪЗ). This enzyme is 
present in lysosomes throughout the bo 

‘quency is approximately 1:40,00 in the United States. Heterozygous females may also be affected, 
although typically with milder manifestations. Genetically engineered alpha-galactosidase A can 
now be used to treat patients with Fabry disease, resulting in decreased disease manifestations with 
decreased mesangial expansion and better preservation of GER in some series. Renal disease has been 
postulated to be related to podocyte injury consequent to the marked accumulation of СЪЗ in these 
cell In other studies, decreased peritubular capillary inclusions correlated with improvement after 
replacement enzyme therapy. Early intervention in children has even resulted in cessation of protein- 
uria. Effect of intervention on other morphologic injury is unknown. 


Key Diagnostic Findings of Fabry Disease 


= Vacuolization of cells, particularly podocytes, by LM 
^ Lysosomal inclusions in myelin bodies on toluidine blue EM scout sections 
‘+ Lysosomal inclusions by EM. 


ЕМ, Electron microscopy, LM. light microscopy 


Differential Diagnosis of Fabry Disease 


= Hydrochloroguine or other drugs that inhibit lysosomes may result in similar inclusions, 

‘+ Vacuolization of podocytes may also be seen in other storage diseases such as Niemann-Pick, 
Gaucher. 

‘+ Extensive myelin bodies may also be seen in lecithin-cholesterol acyltransferase deficiency, but 
typically they are present throughout the glomerular basement membrane and nat confined to 
the cell. 


and thus the disease manifestations are systemic. Из fre- 
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LIPOPROTEIN GLOMERULOPATHY 


Lipoprotein glomerulopathy is a disorder with apparent autosomal recessive inheritance in some 
kindreds, with proteinuria and steroid-resistant nephrotic syndrome, Most described patients have 
been Japanese or Chinese, but the disease has also been rarely described in patients of other ethnic 
ities. Males outnumber females. Patients are usually adult at presentation, although some patients 
were children, Patients typically have increased beta-lipoprotein and pre-heta-lipaprotein with 
elevated serum levels of apolipoprotein E (Apo E). Glomerular lesions identical to those observed 
in these patients also occur in patients with type Ш byperlipoproteinemia, Apo E is а ligand for the 
low-density lipoprotein (LDL) receptor. Multiple Apo E mutations have been associated with lipo- 
protein glomerulopathy, or with type III byperlipoproteinemia, but none that have caused both. 
Approximately one-third of patients show slowly progressive renal disease, and the lesions may 
recur in renal transplants 

"The characteristic light microscopic lesion is one of intracapllary lipoprotein thrombi distend- 
ing and enlarging glomeruli (Fig. 3281). The mesangium may show mesangiolysis, In areas that do 
not show merangiolysis, there is increased mesangial cellularity and matrix. The capillary wall сап be 
thickened or split in response to this injury. The lipoprotein thrombi stain only lightly with PAS, and 
typically are vacuolated and laminated. The material stains positively for ol red О and Sudan stain (Fig. 
3232). There may be associated segmental sclerosis, but in contrast to lecthin-cholesterol acyltrans- 
ferase (LCAT) deficiency, there usually is no predominant foam cell change in the glomerulus, unless 
sclerosis has occurred. The tubulointerstitial changes are proportionate and follow glomerulosclerosis 
‘There are no specific vascular lesions. By immunofluorescence, there may be IgM, Clq, and fibrinogen 


surrounding the lipoprotein thrombi, which contain beta-lipoprotein, Apo B, and Apo E. By electron 
‘microscopy, there are vacuolated or granular electron-dense or lucent deposits and thrombi, often 
with a concentric, laminated pattern with small lipid vacuoles (Pig. 3.234). The double contour of the 
capillary wall is determined by electron microscopy to be due to segmental lipid material between the 
endothelial cell and the GBM, with segmental cellular interposition (Figs. 3233-323), 


FIG. 3231 Lipoprotein glomerulopathy. There are massive intraluminal pale lipid thrombi in the 
glomerular capillaries, distending the capillary lumens, with segmental glomerular basement 
membrane splitting (Jones sîver stain, x200). (Case 3231-3 234 kindly provided by Dr. Barry Stokes, 
New York Presbyterian Hospital at the Columbia University Medical Center). 
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FIG. 3.232 Lipoprotein glomerulopathy The intracapillary thrombi stain brightly positive for lipid (ой red 
stain, x200). 
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FIG. 3233 Lipoprotein glomerulopathy. The intracapillary thrombi have a concentric, laminated 
pattern with small lipid vacuoles (transmission electron microscopy, «8000 
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3234 Lipoprotein glomerulopathy. Occasional subendothelialimtramembranous deposits with 


lipid vacuoles are present (transmission electron microscopy, 18,000) 
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LECITHIN-CHOLESTEROL ACYLTRANSFERASE (LCAT) DEFICIENCY 


‘This systemic disorder is due to deficiency of LCAT, due to a mutation of the gene, which is on the 
long arm of chromosome 16, LCAT catalyzes ester formation of free cholesterol bound to lipoproteins. 
Deficiency of LCAT results in markedly decreased high-density lipoprotein (HDL) levels, The dis 

ease was originally described in Scandinavian patients, but occurs worldwide, and is inherited as an 
autosomal recessive trait with varying plasma levels of lecithin-cholesterol acyltransferase in differ- 
ent kindreds. Patients have proteinuria, anemia, hyperlipidemia, corneal opacities (so-called "sh eye 
disease"), and accelerated atherosclerosis. Early kidney disease manifests as proteinuria even in child 

hood, increasing in severity by the fourth and Sith decades, frequently progressing to nephrotic syn- 
drome and end-stage renal disease, Genetic testing may be useful in diagnosis. 
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Light microscopy shows thickened capillary walls with irregular bubble appearance of the base- 
ment membranes (Figs, 3235-3 238). The mesangium is expanded, often with a bubble appearance, 
‘with a variable foam cell infiltrate in capillaries and mesangial areas (see Figs. 3.236-3.238), Foam 
cells may also be present in vessels and interstitium. In advanced cases, segmental sclerosis and hya- 
linosis are present. Lipid also is present in other organs. There are no immune complexes by immu- 
nofluorescence. The lipid deposits stain with Apo B and Apo E. Electron microscopy reveals lacunae 


FIG. 3.235 Lecithin-cholesterol acyltransferase (LCAT) deficiency. There may be nonspecific sclerosis 
and tubulointerstitial fibrosis. The glomerular basement membrane is irregular and thickened. The 
mesangium is expanded, and there is variable foam cell infiltrate within capillary lumens and in 
mesangial areas, as seen on the left (ones silver stain, 100). 
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in basement membranes and mesangium-containing dense structures that appear solid or lamellar, 


ог contain dense particles (striated membranous structures) (see Differential Diagnosis for Fabry 
Disease), Cells contain lipid inclusions (Fig. 3239). The foot processes are effaced. 
Etiology/Pathogenesis 

LCAT is a catalyst for esterification of free cholesterol hound to low-density lipoprotein. LCAT def 


ciency is due to mutation of the gene, The different mutations result in varying enzyme levels, ranging 
from absolute absence in some kindreds, to 10-20% of normal levels in some homozygotes. Hetero 
zygotes may also have diminished LCAT activity. The gene frequency is about 2% in Scandinavia, 
Decreased LCAT activity results in abnormal lipid metabolism and accumulation of unesteriied 
cholesterol, triglycerides, and phosphatidylcholine throughout the body. Lipid accumulations have 
been documented in aorta, other arteries, liver, spleen, and cornea. No effective therapy has been 


FIG. 3237 Lecithin-cholesterol acyltransferase (LCAT) deficiency. Segmental irregular peripheral 
capillary basement membranes are present, with prominent intracaillary and mesangial foam cells 
(hematoxylin and eosin, x400). 


FIG. 3238 Lecithin-cholesterol acyltransferase (LCAT) deficiency. The glomerular basement membrane 
is thickened, with occasional double contours (bottom left). There are prominent intracapillay foam 
tells with rare lipid vacuoles, and increased mesangial matrix (ones silver stain, x400). 


FIG. 3239 Lecithin-cholesterol acyltransferase (LCAT) deficiency. In the basement membrane, there 
may be lacuna, or solid or lamellar dense structures (not shown). Numerous lipid inclusions are seen 
‘within the intracapillary foam cells by electron microscopy (transmission electron microscopy, B000). 


identified. Recently, knockout mice have been generated, creating a method for testing new gene ther- 
apy approaches. Renal transplantation does not restore normal lipid metabolism. Deposition of these 
lipid-related materials with foam cells in glomeruli recurs as early as 6 months after transplantation 
although renal function is usually maintained. 
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HEREDITARY FOCAL SEGMENTAL GLOMERULOSCLEROSIS 


Studies of the molecular biology of the podocyte and identification of genes mutated in rare familial 
forms of nephrotic syndrome or FSGS, such as nephrin, a-actinin-4, and podocin, have given impor- 
ghts into mechanisms of progressive glomerulosclerosis. Although there are по reliable 
‘morphologic clues as to the genetic nature of these diseases, an overview of the genetic mechanisms 
is provided. 
CD2AP: mutations of CD2AP, a key clement interacting with nephrin in the slit diaphragm, have been 
detected in a few adult patients with proteinuria and FSGS without a family history of the disease. 


tant new insi 
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ACTNA: additional important genes interacting with the nephrin-CD2AP complex have been identi- 
fied in rare cases of familial FSGS. Autosomal dominant FSGS is caused by mutation in a-actinin 
4 (АСТАН), localized to chromosome 1913, This is hypothesized to cause altered actin cytoskel 
ton interaction, causing FSGS through a gain-of-function mechanism, contrasting the lost-of- 
function mechanism implicated for disease caused by the nephrin mutation, Patients with ACTN-4 
mutation progress to end stage by age 30 years, with rare recurrence in the transplant. Unusual 
cytoplasmic electron-dense aggregates in podocytes, perhaps representing accumulated abnormal 
fragments ofa-actinin-4, have been observed. 

Podocin: podocin, another podocyte-specific gene (NPHS2), is mutated in autosomal recessive 
FSGS with an early onset in childhood with rapid progression to end stage. Podocin is an 
integral stomatin protein family member and interacts with the nephrin-CD2AP complex, 
indicating that podocin could serve in the structural organization of the slit diaphragm. In 
some series of steroid-resistant pediatric patients with nonfamilia forms of FSGS, a surpris- 
ingly high proportion, up to 25%, had podocin mutations. However, mutations of NPHS2 or 
WT-1 were not present in a recent study of African American children with FSGS and/or ste- 
roid-resistant nephrotic syndrome. Podocin mutations have been only very rarely detected in 
adult-onset steroid-resistant FSGS. Importantly, patients with podocin mutations are gener- 
ally resistant to steroid therapy. In families with steroid-resistant nephrotic syndrome, a caus- 
ative mutation could be identified by elegant genetic testing with next-generation sequencing. 
in about 30%. 

TRPCG: familial FSGS has also been caused by mutations in the TRPCS (transient receptor potential 
cation channel) ion channel gene located on chromosome 11q, The disease is autosomal domi- 
mant, with the mutation causing enhanced cell surface expression of the channel. ТАРС is nor- 
mally expressed on the podocyle The mechanism for development of FSGS is not determined, but 
postulated to involve perturbed glomerular homeostasis and/or apoptosis related to exaggerated 
calcium responses to, for example, angiotensin, 

PLCEI: diffuse mesangial sclerosis or FSGS in а large kindred was recently linked to а truncating 
mutation of phospholipase C epsilon (PLCET), and two of these patients responded to steroid 
therapy. PLCEL is expressed in the glomerulus where it is postulated to play а key role in develop 
ment, perhaps by interacting with other proteins that are crucial for the development and function 
of the slit diaphragm. 

Mitochondrial (RNA! mitochondrial cytopathy is due to a mutation of mitochondrial DNA 
in RNA“, Patients have myopathy, stroke, encephalopathy, and occasionally diabetes mel 
its, hearing problems, cardiomyopathy, and FSGS with unusual hyaline lesions in arterioles 
Some patients with FSGS without full-blown features of mitochondrial eytopathy have also been 
reported to have this mitochondrial mutation. Several developed diabetes or hearing loss after 
‘onset of proteinuria in adolescence, with biopsy showing multinucleated podocytes and dysmor- 
phic mitochondria. However, there may not be any discernible morphologic findings 

INEZ mutation in INEZ, which encodes a member of the formin family of actin-regulating proteins, 
‘was found in autosomal-dominant familial FSGS, Patients had variable, occasional nephrotic- 
range proteinuria but not full-blown nephrotic syndrome, adult onset, and frequently progressed 
to end-stage renal disease, The dysregulation of atin within podocytes is postulated to cause the 
disease. Morphologically, the FSGS was of usual type, with subtotal foot process effacement and 
prominent actin bundles in foot processes by electron microscopy 

Numerous other gene mutations have been identified in hereditary FSGS, These can be broadly 

grouped into structural proteins of the podocyte its slit diaphragm or cytoskeleton, or those govern- 

ing cel GBM interaction (eg, LAMA2, encoding laminin beta2; or IGTI4, encoding integrin beta), 
mutations affecting key signaling pathways (eg, ARIIGDIA, encoding Rho GDP-dissociation inhibitor 

1), channels with specific podocyt effects (eg, ТАРС), or mutations affecting mitochondrial function, 

such as coenzyme Q10 (eg, PDSS2, encoding decaprenyl diphosphate synthase subunit 2). As insights 

into pathogenesis emerge, specific treatments may follow, such as those directed at restoring normal 
channel activity in patients with ТЕРС mutation, or treatment with coenzyme Q10 in patients with 

‘mutations affecting this mitochondrial function. 
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Diseases Associated With Nephritic Syndrome or Rapidly 
Progressive Glomerulonephritis (RPGN): Immune Mediated 


LUPUS NEPHRITIS 


Both autopsy and biopsy studies of patients with the clinical diagnosis of SLE have documented that 
renal involvement is a frequent and serious complication of the disease, making renal biopsy ап impor- 
lant part of the clinical management of these patients, The nature of the lesion on renal biopsy gives 
direct information relating to the severity of the autoimmune response within the kidney and aids 
in the selection of appropriate therapies and the prediction of both short- and long-term outcomes 
in individual patients. The various patterns of lupus nephritis (Fig, 3240) must be considered in the 
contest of the potential pathogenetic mechanisms that are involved in their evolution. Analysis in this 
way not only gives а basis to correlate with clinical outcome but also offers a rationale for therapeutic 
manipulation. For these reasons, many clinicians advocate renal biopsy as a routine part of the evalua- 
tion for all patients with SLE. Classification of the biopsy findings in lupus is one of the few classifica- 
tions of renal glomerular disease that is closely linked to therapeutic interventions, thus emphasizing 
its importance ав а clinical tool. 

‘The classification scheme for lupus nephritis (LN) was intially developed as the World Health 
Organization (WHO) classification in 1975 as a basis for clinical application. It has been revised 
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FIG. 3240 (A) Lupus nephritis manifests in various 
forms. Mesangial lupus nephritis (SNIRPS type. 

I) is characterized by predominantly mesangial 
proliferation and is due to mesangial deposits, with 
Fare possible deposits in other compartments (8) 

Lupus nephritis may also present as a proliferative 
lesion when there are subendothelial deposits, with 
endocaplllary hypercellularty and glomerular basement 
membrane double contours In lupus nephritis of 

‘the proliferative type, there will frequently be small, 
scattered subepithelial deposits as well. (O In the 
membranous form of lupus nephritis, there are global 
subepithelial deposits, as in idiopathic membranous 
glomerulanephritis, with additional mesangial deposits. 
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several times, with the most recent version published in 1995 (Table 3.6). И combines all morphologic 
modalities of biopsy interpretation, including immunolluorescence and light and electron microscopic 
findings, and it thus represents a major improvement over previous versions of the classification, Мой. 
ications of this classification system, along with an assessment of severity and chronicity, are now in 
general use and have been accepted by clinical nephrologists and renal pathologists alike. The most 
recent modification ofthe previous WHO classification proposed by a joint committee of the Inter- 
national Society of Nephrology and the Renal Pathology Society (ISN/RPS) is more comprehensive 
(Table 3.7). И eliminates а class for biopsies with no significant findings and emphasizes the role af 
light microscopy and immunofluorescence without requiring electron microscopy since not all centers 
have access to the technology. However it should be recognized that subendothelial deposits detected 

y electron microscopy are one of the most important diagnostic and prognostic findings in Class HI 
and Class IV. 

Al these classifications do have the limitation of focusing on the glomerular lesions without taking 
into consideration the significance of tubular, interstitial, and vascular lesions. Recent assessments ofthe 
ISN/RPS classification have been published that demonstrate its utility in clincopathologic studies. Stud- 
ies addressing the relationship between lupus nephritis IV-S (with segmental lesions) and lupus nephri- 
tis IV-G (with global lesions) have failed to consistently identify a significantly worse outcome in IV-S 
iban IV-G, but its use has increased the percentage of lupus nephritis biopsies meeting criteria for class 
IV. A subset of class IV-S lupus nephritis patients show lesions with dominant segmental necrotizing/ 
чезсепс lesions with sparse immune complexes. These lesions are thought to perhaps be related to the 
presence of antineutrophil cytoplasmic antibodies (ANCAs) (see later). Capillary thrombi are often seen 
in association with necrosis and indicate a posible contribution of antiphospholipid antibodies in the 
pathogenesis. In addition, the issue of how to quantify largely sclerosed glomeruli in differentiating class 
I focal versus class IV diffuse lupus nephritis is complex. An ongoing review and reassessment of these 
and other issues of lupus classification will address these and other challenges. Other studies have shown 
that the new classification provides beneficial pathologic information relevant to the long-term renal 
outcome and the optimal therapy preventing end-stage renal disease and/or death, Most importantly, 
although the ISN/RPS classification has not eliminated interobserver variability that is largely dependent 
‘on experience of the different centers, within individual centers it has provided consistency in the use af 
specific features, lt does, however, provide a standardized approach to renal biopsy interpretation needed 
to compare outcome data across centers and studies. A recent review of the 2004 Classification has made 
some suggestions for improvements to assist in the next revision. The suggestions attempt to redefine and 
rif interpretations of the morphologie findings and also to bring attention to the importance of other 
types of glomerular lesions as well as vascular and tubulointerstitial lesions, 


TABLE 3.6 | 1995 Modified Original Classification of Lupus Glomerulonephritis 


1. Normal Nil 
1. Pure mesangiopathy 
A. Normal by light microscopy but deposits present. 
B. Moderate mesangial hypercellularity 
Ill. Segmental and focal proliferative glomerulonephritis 
A. Active necrotizing 
B. Active and sclerosing 
C. sclerosing 
М. Diffuse proliferative glomerulonephritis 
A. Without segmental necrotizing lesions 
B. With segmental necrotizing lesions 
C. With segmental active and sclerotic lesions 
D. Inactive, sclerotic 
V. Diffuse membranous glomerulonephritis 
A. Pure membranous 
В. Associated with lesions in group IIA or IIB 
VI. Advanced sclerasing glomerulonephritis 
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Histopathology 

‘The histopathologic findings of the most recent version of the classification will be described as out- 
lined in Table 3.7. The term "proliferative" is omitted in classes II and IV since the histologic patterns 
are not confined to endocapillry proliferation hypercellularity but can present with membranoprolif- 
erative features, with crescents and necrosis, or with wireloop lesions 


lass 1 Minimal Mesangial Lupus Nephritis 

Class I LN shows lesions with minimal or no significant changes by light microscopy. Immuno- 
fluorescence, however, does present evidence of immune deposits that are confined to the mesan- 
gium, and electron microscopy reveals corresponding electron-dense deposits in this location 
(Figs. 3241, 3242), 

Class Il Mesangial Proliferative Lupus Nephritis 

In class II LN, light microscopy shows definite glomerular mesangial hypercellularity that is confined 
to the centrilobular areas away from the vascular pole (Pig, 3.243). There is no involvement of the 


[ TABLE 3.7 | 2002 ISN/RPS Classification of Lupus Glomerulonephritis 


Clas! ^ Minimal mesangial LGN 
Normal glomeruli by LM, but mesangial immune deposits by IF and/or EM 
Clas! Mesangial proliferative LGN. 


Purely mesangial hypercellulaity of any degree and/or mesangial matrix expansion by 
LM with immune deposits, predominantly mesangial with none ог few, isolated sub- 
epithelial and/or subendothelial deposits by IF and/or EM, not visible by LM 
lass Ill Focal LGN (involving <50% of the total number of glomeruli) 
Active or inactive focal, segmental, and/or global endocapillary and/or extracapillary GN, 
‘typically with focal, subendothelial immune deposits, with or without focal or diffuse 
mesangial alterations. 
Class IIA) Purely active lesions: active focal proliferative LGN 
Class (АЈС) Active and chronic lesions: active and sclerotic focal proliferative LGN 
Class INC) Chronic inactive with glomerular scars: inactive sclerotic focal LGN 
* Indicate proportion of glomeruli with active and with sclerotic lesions 
+ Indicate the proportion of glomeruli with fibrinoid necrosis and/or cellular crescents 
Cass IV — Diffuse segmental (V5) or global (IV-G) LGN (involving 250% of the total number of 
glomeruli either segmentaly or globally) 
Active or inactive diffuse, segmental, or global endocapillary and/or extracapillary GN 
with diffuse subendothelial immune deposits, with or without mesangial alterations. 
This class is divided into diffuse segmental (М5) when >50% of the involved gio- 
meruli have segmental lesions, and diffuse global (V-G) when >50% of the involved 
glomeruli have global lesions 
Class IVA) Active lesions: diffuse segmental or global proliferative LGN, 
Class А/С) Active and chronic lesions: diffuse segmental or global proliferative and 
sclerotic LGN 
Class МО) Inactive with glomerular scars: diffuse segmental or global sclerotic LGN 
For Class IV: 
+ Indicate the proportion of glomeruli with active and with sclerotic lesions 
* Indicate the proportion of glomeruli with fibrinoid necrosis and/or cellular crescents 
ClasV  Membranous LGN 
Numerous global or segmental subepithelial immune deposits or their morphologic 
sequelae by LM andor IF and/or EM with or without mesangial alterations 
= May occur in combination with Il or IV, in which case both will be diagnosed 
Cass VI — Advanced sclerotic LGN 
280% of glomeruli globally sclerosed without residual activity 


Recommend that ll renal biopsies include description and затдан еа af active and veraning glomerular leans, grading at 
чаш atrophy, intra inflammation and fibras, severity af arteriosclerosis ог ther vascular eon 
EM, Electron: microscopy; GN glomerslonepiiti I inmunalluorecence LN, lapus lomerulaneph(i LM light microscopy: 
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FIG. 3241 Сш! or minimal mes 


al mesangial widening 
narmal (hematoxylin and eosin, x400). 


FIG. 3.242 Class I, minimal mesangial lupus glomerulonephritis. (А) Immunofluorescence of class 
shows immunoglobulin deposits in the mesangium. Most often this В IgG and may be accompanied by 
a similar pattern of deposition of C3 (anti-IgG immunofluorescence, x400). 


peripheral glomeru 
cence reveals m. 


capillary walls and no segmental scars or crescents or necrosis, Immunolluores- 


ial immunoglobulin deposition (Fig, 3.244), 


ору discloses 


dense deposits that are dominan е mesangial re їп some cases, 


deposits occasionally are seen in the paramesangial subendothelial areas, or 
deposits are 
Patients with class I lesions ре 


mild to moderate proteinuria and 


tered subepithelial 


nt. Tubular, interstitial, and vas re usually insignificant 


nical evidence of renal involvement, with 
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FIG. 3242 cont'd (8) Electron microscopy in Class | minimal mesangial lupus glomerulonephritis 
reveals open peripheral capillary loops with well-preserved foot processes and endothelial cells. The 
mesangium contains an increase in mesangial matrix and small mesangial electron-dense deposits 
(transmission electron microscopy, 4000) 


FIG. 3243 Class П or mesangial proliferative lupus glomerulonephriis There is more prominent 
mesangial widening than in class | and there is a definite increase in mesangial cellularity The 
peripheral capillary oops are normal. The adjacent tubules in interstitium are often uninvolved 
(hematoxylin and eosin, x400). 
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Class Il or mesangial proliferative lupus glomerulonephritis. Immunofluorescence of class II 
reveals mesangial immunoglobulin deposition. The Immunoglobulins deposited in lunas almost always 
include 196, but a full house of immunoglobulin deposition involving multiple immunoglobulins 

and both classic and alternative pathway complement is characteristic of lupus nephritis (anti-9G 
immunofucrescence, x400). 


FIG. 3.245 Clas Il or mesangial proliferative lupus glomerulonephritis. Electron microscopy of Class II 
shows definite mesangial changes with abundant mesangial electron-dense deposits accompanying 

the increase in mesangial matrix. The electron dense deposits correspond to the deposition of 
immunoglobulins and complement seen by immunofluorescence (transmission electron microscopy, 5000) 
Ta view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult.com. 
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Class Ill Focal Lupus Nephritis 
Class Ш is characterized by light microscopic findings of a focal glomerulonephritis, Less than 50% 
of the glomeruli are involved with either active or chronic lesions. These changes can be segmental or 
global and be proliferative, necrotizing, crescente, sclerosing, ar a combination of these alterations 
(Fig. 3246), Endocapillary and extracapillary (ie, crescent) cell proliferations with obliteration of the 
capillary lumina are often found in addition to generalized mesangial widening. Necrotic lesions may 
be either segmental or rarely global and are usually associated with crescent formations that progress 
to segmental scars with focal capsular adhesions. These lesions usually are superimposed on vari- 
17). Immunofluorescence reveals peripheral chunky, irregular. 


FIG. 3246 Class II or focal and segmental lupus glomerulonephrits is characterized by focal 
involvement of glomeruli in which there are segmental lesions as demonstrated here with one entirely 
normal appearing glomerulus (left) adjacent to glomerulus with a segmental area of adhesion and 
necrosis fright) (hematoxylin and eosin, x200) 


FIG. 347 Lupus nephritis. (А) Segmental changes can be merely proliferative or as demonstrated 
here necrotizing with adhesion to Bowman's capsule and loss of the normal architecture. 
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FIG. 3.247 cont'd (В) in some instances, this progresses to the presence of epithelial crescents 
associated with collapse of the normal glomerular architecture (A, hematoxylin and eosin, 0; B, 
Masson trichrome, хао). 


FIG. 3.248 Class Ill focal lupus nephritis. The mesangial and peripheral capillary deposition of 
immunoglobulins appears more prominent than in class (anti-lgG immunofluorescence, 400) 


granular as well as mesangial deposits of immunoglobulins (F ), and electron microscopy dem- 
lial deposits in addition to the presence of mesangial deposits (Fig. 3249). The 


similarity of the immune 


onstrates subendot 


orescence and 


tron microscopic findings of class Ш lesions with those 
of class IV suggests that these two classes actually may be variations of the same Immunopathologie 

a quantitative rather than a qualitative difference. 
Cass Ш has been broken down into three subclasses: (1) active proliferative and or necrotizing lesions 


lesion, and that the focal nature of class Ш represent 


(active, AJ; (2) active proliferative and/or necrotizing and sclerosing lesions, (mixed active and chronic, 


A4 C); and (3) purely sclerosing lesions (chronic, C). The clinical significance of this subelassification is 


FIG. 3249 Class Ш focal lupus nephritis. Electron microscopy in clas II is similar to the findings in class 
IN diffuse lupus nephritis. (A) Subendothelial deposits are present in addition to mesangial deposits 

as seen in lasses | and I, minimal mesangial and mesangioproliferative lupus nephritis, respectively 
(transmission electron microscopy, 4000). (B) Occasionally subepithelial deposits may also be found 
(transmission electron microscopy, 4000) 
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not clear, however. The natural history of patients with clas Ш lesions is similar to that of patients with 
dass IV lesions, again suggesting that these two classes are a continuum of the same lesion. 


Class IV is the most common form of active lupus nephritis, and it is characterized by a diffuse global 
or segmental proliferative glomerulonephritis. Most, or all, of the glomeruli are involved. Glomeruli 
‘with active lesions show either mostly global (IV-G) or segmental (IV-S) endocapillary hypercelu 

larity, often in a lobular pattern, and may also have necrosis and/or crescents (Pigs. 3250, 3.251). A 


FIG. 3250 Class IV diffuse lupus nephritis. (A) Class IV or diffuse lupus glomerulonephritis by 
light microscopy involves mast or all of the glomeruli. In general, there is а marked increase in 
mesangial cellularity with lobular accentuation and double contours of the peripheral capillary loops 
(hematoxylin and eosin, x400). (B) Silver methenamine Jones) stains demonstrate the double contours 
and demonstrate the presence of subendothelial deposits lining along the capillary loops (x400). 
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by massive subendothelial deposits bulging into the capillary lumen. Hyaline thrombi may be 
thickened to the point to be considered "wire-loop" lesions, due to extensive subendothelial 
deposits (hematoxylin and eosin, 400). (D) Segmental areas of necrosis are often associated with 
the presence of crescents (Masson trichrome, x400). 


FIG. 3.251 Lupus glomerulonephritis complicated by antiphospholipid syndrome. There is thrombosis 
and necrosis (hematoxylin and eosin x400). 


controversial element in the ISN/RPS 2004 classification is the division of lupus nephritis class 1V into 
subcategories based on predominance of segmental (IV-S) or global (IV-G) lesions. Some studies have 
suggested that despite similar treatment, lupus nephritis class IV-S had a worse prognosis than IV-G. 
It has also been suggested that the pathogenesis of lupus nephritis class IV-S may be less dependent 
‘on glomerular immune deposits and is similar to that of ANCA-associated nephritis. As with clas Ш. 
focal lesions, segmental areas of necrosis occasionally associated with focal areas of crescent forma- 
tion can occur. Nuclear debris represented by hematoxyphil bodies also can be seen. Some segments 
‘of peripheral capillary loops can be dramatically thickened because of plaque-ike massive subendo- 
thelial deposits to form the so-called wire-loop lesion. Occasionally extensive deposits of immune 
complexes bulge into the capillary lumen, the so-called hyaline thrombi (which although smooth and 
glassy, ie, “hyaline” in appearance, are not true thrombi and do not contain fibrin). Segmental areas 
of sclerosis with broad-based adhesions are an indicator either of sequelae of previous segmental 
necrosis and/or crescents. 

"The variety of lesions that can be encountered in this class ranges from diffuse mesangial hyper- 
cellularity without necrosis to a severe necrotizing and crescentic glomerulonephritis. Segmental and 
global areas of sclerosis may be present. The new subelassification is useful in separating these different 
Patterns into active lass IV lesion, IV (А), hypercellalar lesions that may also show necrosis and/or 
crescents active and chronic class IV, IV (A/C), hypercellular or necrotizing or crescenti active lesions 
combined with sclerosis and/or fibrous/fibrocellular crescents; and chronic class IV, IV(C), lesions 
of sclerosis and/or fibrous crescents (Fig. 3.252). About one-quarter of cases exhibit lobular accen- 
tuation because of endocapilary hypercellularity with mesangial extension and cellular interposition 
around the peripheral loops, forming а pattern similar to that of other forms of membranoproliferative 
glomerulonephritis. 

Immunolluorescence microscopy reveals a coarsely granular pattern of immunoglobulin depo- 
sition both in the mesangium and in the peripheral capillary walls (Fig. 3.253). Multiple immuno- 
globulins frequently are encountered and generally are accompanied by evidence of the activation af 
inflammatory mediators, such asa deposition of both classic and alternative complement components, 
fibrinogen, and properdin. This pattern has been termed a full-house pattern of immunoglobulin and 
complement deposition. 
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FIG. 3252 Clas М diffuse lupus nephritis. (A, B) These active lesions (A) will eventually become 
sclerotic and are subclasified as IVA+C, namely, proliferative lesions with sclerosis (B) (Masson 
trichrome, A, «200; B, x400}. 


Electron microscopie examination is similar to that seen with class III lesions (Fig. 3254A-D), 
Abundant subendothelial deposits are accompanied by large mesangial deposits, These deposits gener- 
ally are larger and more abundant than in other classes of lupus nephritis. Scattered epimembranous 
deposits often are present. Mesangial hypereellularity with circumferential celular interposition is 
associated with the light microscopic pattern of a membranoproliferative glomerulonephritis, Occa- 
sionally, the electron-dense deposits show an organized (Fig. 3.254E) or crystalline pattern, which 
has been termed a fingerprint pattern. This organized appearance most frequently is seen in the pres- 
ence of abundant subendothelial deposits, but it сап be present in all classes of lupus nephritis. The 
crystalline structure is thought by some to represent the presence of cryoglobulins, because similar 
structures are seen in patients with idiopathic mixed eryoglobulinemia. They also might represent a 


FIG. 3253 Class V diffuse lupus nephritis. mmunofluorescence reveals coarsely granular deposition of 
immunoglobulin in both the mesangium and in the peripheral capillary walls, the latter corresponding 
to subendothelial deposits (anti-gG immunofluorescence, x200) 


subendothelial deposits lining all capillary loops. These are occasionally accompanied by subepithelial 
deposits in varying degrees There are also numerous mesangial depost (transmission electron 

microscopy, x1500). (8) Double contours of the peripheral capillary loops with mesangiaVmonanuclear 

tell interposition and capillary lumen leukoeytiinfitration are also demonstrated (transmission electron 
microscopy, x5000) (C) Foc of necrosis can be seen with disruption of the glomerular basement membrane 
and extrusion of the endothelial сей through the gap (transmission electron microscopy 10000). 

To view this electron micrograph with color coded overlays explaining each component, please visit 
Expertconsult com. 


5 


Continued 


E CHAPTER 3 GLOMERULAR DISEASES 


FIG. 3.254, cont'd (0) The capillary lumen can contain large deposits that correspond ta the “hyaline 
thrombus" seen on light microscopy. (E) The electron-dense deposits seen on electron microscopy 
often have an organized appearance, sometimes taking a fingerprint pattern (transmission electron. 
‘microscopy, «000, x10,000) 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult com. 
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pattern of crystalline DNA. Endothelial cell welling and proliferation are prominent, and occasional. 
mitotic figures of glomerular cellular components suggest active proliferation and regeneration sec- 
ondary to activation of inflammatory cytokines and growth factors. Intraendothelial tubular reticular 
inclusions (TRIS) also called reticular aggregates (Fig. 3.255), have been identified in a majority of 
patients with lupus nephritis. The significance of these structures is unclear although their presence 
appears to correlate with disease activity. Some evidence suggests that they are induced by the cytokine 
interferon. Class Ш and IV, focal and diffuse lesions, respectively, represent the most severe form 
of glomerular involvement in patients with SLE, postulated to reflect that the subendothelial immune 
complexes have access to the humoral and cellular mediators of inflammation that are present in the 
circulation. Patients with class ILL or IV pathologic lesions usually have evidence of significant clinical 
renal disease, including proteinuria (frequently in the nephrotic range), renal insufficiency, and an 
active urinary sediment, and thus may show combined nephritic and nephrotic syndrome features. 
In some individual cases these lesions constitute the initial presentation of SLE, and in rare instances, 
these lesions are silent. The nature of the imsmunopathogenesis underlying the renal lesion in patients 
‘with class Ш or IV lesions suggests an unfavorable prognosis, with a high percentage of such patients 
eventually progressing to renal failure despite aggressive treatment. A major consequence of severe 
glomerular inflammation with necrosis is the development of both glomerular fibrous crescents and 
sclerosis, which results in decreasing glomerular filtration surface and contributes to progressive renal 
scarring and loss of function. 


Class V 
The dass V membranous LN lesion is a diffuse, membranous nephropathy. Light micros- 
copy reveals a generalized diffuse thickening of the peripheral capillary walls, which on silver 


nous Lupus N 


FIG. 3255 Lupus nephritis. In the majority of patients with lupus, the endothelial cells contain 
reticular aggregates. The significance of these structures is still unclear, but they are associated with 
high levels of the cytokine alpha interferon (transmission electron microscopy, 15,000) 
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methenamine-Masson stains, exhibits a so-called spike and dome pattern (Pig, 3.256). The spikes 
are outward projections of membrane-lke material between domes that correspond to the subepi- 

thelial and intramembranous deposits that аге seen on immunofluorescence and electron micros 

сору. Occasional subepithelial deposits may be present in any patient, To meet ISN/RPS criteria 
for diagnosis of class V membranous LN, more than half the glomeruli should show evidence 
of subepithelial deposits (eg, spikes or holes by light microscopy, and/or granular capillary loop 
deposits by immunofluorescence) in more than half the loops. A variable degree of mesangial 


T ы x i. = 

FIG. 3256 (A) Css V lupus membranous nephritis: There i diffuse thickening ofthe peripheral 
cael vell aan’ wa iere n tanga ifi Lear a eon ati 
Sten but s not мендин] ian increase im cela етану and coin, 400.) vr 
methenamine Gone stains evel spike and dome pete to be presen along te peripheral 
iila loops Where the wal ofthe capilar cut tangeniall there E а moliete appearance 
tthe coin wall due o tha deposts not staining with ver ones, 400) 
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deposition of immunoglobulin (anti-1gG immunofluorescence, et). 


widening may be present, involving both an increase of mesangial cells and mesangial matrix and 


mesangial deposits 


Immunolluorescence demonstrates a classic confluent peripheral gr 
noglobulins including IgG 
Чоп and, occasi 


lar deposition of immu- 
hat does not readily fix complement to induce an inflammatory reac. 
anular deposits (Fig 3 
cpimembranous nephropathy, with subepithelial and intramembranous deposits of varying elec- 


$7), Electron microscopy reveals atypical 


tron density (Fig. 3. 


8). The pattern is essentially identical to that seen in idiopathic membranous 
deposits usually are present, 
In addition, both C3 and Cl are typically present in lupus nephritis, and PLAZR st 


nephropathy, except that mesangi 


i with tubuloreticular inclusions 


The modified WHO system used a subclasfication to separate biopsies with prominent subepithe 
Wal deposits into Va, pare membrar 


s nephritis; Vb, associated with lesions of class I; Ve, associated 
with lesions of class II; and Vd, associated with lesions of class IV. While this classification is of interest 
from а historical and morpholog 

and Vd should be treated as 
ISN/RPS are therefore desig 
‘membranous LN, class IV with class V, respectively emphasizing 


view, it is not helpful from a clinical standpoint as patients with Ve 


I or class IV. Mixed lesions in the 
nd Ае and 


gressively as patients with pure clas 


das focal and membranous LN, class Ш with class V 


g the more 


This class is essentially end-stage renal disease. Light microscopy reveals advanced glomerulosclerosis 


and interstitial fibrosis. Often it cannot be distinguished from chronic sce 


ologies. The presence of immune deposits by immunofluorescence and electron microscopy, or a previ- 
ous renal biopsy with lupus nephritis, is the only ways of ascertain 


he diagnosis of this class of LN 


ATYPICAL PRESENTATIONS OF RENAL INVOLVEMENT IN SLE 


rarely 


Renal biopsies from patients with SLE who present with nephritic or nephrotic syndr 


how changes that are pathogenctically and morphologically unrelated to SLE, Although nephrotic 


7 Clase V membranous lupus nephritis. Immunofiuorescence reveals a peripheral granular 


FIG. 3.258 Class V membranous lupus nephritis. (A) Electron microscopy reveals that there are 
numerous subepithelial deposits scattered throughout the peripheral capillary loops. There аге no 
Subendothelial deposits present. Mesangial deposits can be seen (transmision electron microscopy, 
14000). (8) In more advanced forms of class V membranous lupus nephritis, some of the deposits may be 
totally intramembranous and show evidence of resorption (transmission electron microscopy х8000). 
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FIG, 3.259 Lupus podocytopathy. There is diffuse effacement of foot processes in а patent with lupus and 
nephrotic syndrome. No electron-dense deposits are present (transmision electron microscopy x200). 


syndrome is commonly associated with diffuse (ISN/RPS class IV) or membranous (ISN/RPS class 
V) lupus nephritis, several reports have described nephrotic syndrome in adult patients with minimal 
‘mesangial lupus nephritis (ISN/RPS class 1) or mesangial proliferative lupus nephritis (ISN/RPS class 
Ш, sometimes with only mesangial deposits of immunoglobulins (IgM or IgG) or complement (Clq or 
C3) and extensive foot process effacement by electron microscopy consistent with the podocytopathy 
of minimal change disease (Fig. 3.259). The pathogenesis of nephrotic syndrome with mesangial lupus 
nephritis is not clearly understood, and several mechanisms have been postulated, including lupus 
nephritis itself, nonsteroidal antiinflammatory drug (NSAID}-induced minimal change nephrotic 
syndrome, and coincidental occurrence of idiopathic minimal change disease ог focal segmental glo- 
merulosclerosis, The prompt response of some such patients to corticosterolds with remission of pro- 
teinuria supports possible minimal change disease-lke injury. Recently, a severe form of upus-elated 
podocytopathy has been described in the setting of SLE that shares certain demographic, clinical, mor- 
phologic, and immunohistologie features with idiopathic and HIV-associated collapsing glomerulops 
thy (HIVAN). A typical clinical presentation is heavy proteinuria and renal insufficiency frequently 
with progression to end stage in the absence of a therapy-induced remission of proteinuria, Similar 
to idiopathic collapsing glomerulopathy and HIVAN, there is a strong association with persons of 
African descent, This collapsing lesion is typically focal, and is seen with additional underlying focal or 
diffuse lupus nephritis with typical immune complexes. There are differences, however, at а molecular 
level that suggest unique pathogenic aspects of collapsing glomerulopathy in SLE (Fig. 3260). In the 
majority of cases of the latter, glomerular staining for WT-1 was preserved, and loss of synaptopodin 
was not global as is typical in idiopathic collapsing glomerulopathy and HIVAN. 

"The possibility that the spectrum of autoimmunity that is associated with SLE may include damage 
related to T cell-mediated immunity resulting in podocyte pathology and proteinuria is interesting but 
remains speculative 
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ANCA-Associatei 
їп patients with lupus nephritis with biopsy findings of prominent necrosis and crescent formation in 
the absence of significant endocapilary hypercellularity or subendothelil deposits, a role for ANCAs 
should be considered (Fig, 3.261). So-called pauci-immune necrotizing and crescenticglomerulonephri- 
tis differs from classical lupus nephritis in that glomerular necrosis and crescent formation are present 
in the absence of significant glomerular immune complex deposits. ANCAs have been implicated in the 
pathogenesis of ANCA- associated glomerulonephritis and are thought to directly target cytokine-primed 


FIG. 3261 Crescentic necrotizing glomerulonephrits and minimal mesangial proliferation and 
deposits in a patient with active lupus and significant titers of antineutrophil cytoplasmic antibody 


(ANCA) (hematoxylin and eosin, x400) 
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neutrophils that express myeloperoxidase (MPO) or proteinase 3 (РЗ) at the cell surface. Recently, а 
navel ANCA has been shown to be directed against human lysosomal associated membrane protein 2 
(BLAMP2). After activation by an ANCA, neutrophils release cytokines, toxic oxygen metabolites and 
ti proteinases, leading to endothelial damage with subsequent GBM rupture, necrosis, and crescent 
formation, It is not clear if the ANCAs are part of the autoimmunity of lupus or an independent pro- 
cess superimposed on lupus, Some patients with classic LN with immune complex deposition may also 
have positive ANCA serology suggesting an overlap of the two autoimmune processes, In both instances, 
treatment options may include plasmapheresis in addition to immunosuppressive therapy 


Mixed Patterns and Transformation 
Given the variability in the clinical and immunologic expression of disease that occurs in SLE, these 
classes and subclasses likely are not absolutely distinct clinicopathologic entities but rather represent 
different points in a continuum of disease. This is particularly evident in that transformation of renal 
lesions from one class to another can occur both spontaneously and а result of treatment. The exact 
incidence of spontaneous transformation is difficult to determine, however, as relatively few serial 
biopsy studies have been performed in untreated patients, Further, recurrent lupus nepbritis in renal 
transplants may be of the same, or different, class as that seen in the native kidney. A number of stud- 

ies do suggest that transformation occurs commonly and is particularly noted after various treatment 
protocols. Transformation from class Ш to class IV disease bas been reported so frequently that most 
nephropathologists consider these classes to he morphologic variants of a single class of lesion with 
common immunofluorescence and electron microscopic patterns. Transformation of diffuse prolifera- 

tive glomerulonephritis to a predominantly membranous nephropathy or a mesangial pattern has been 
observed in patients undergoing remission during the course of treatment, These changes are reflected 
in changes in the demography of age, sex distribution, and lupus clas of the biopsies of patients over 
the past 10 years at our institution, There was a relative constant increase in age at biopsy during this 
time period suggesting that new therapies may have extended Ме span of patients. An increase in class 
V associated with a decrease in class IV was observed suggesting that the newer immunosuppressive 
agents resulted in transformation of a more active lesion to a more indolent опе. 


Immunofluorescence Microscopic Features 
(One factor that has not been given enough consideration in the histopathologic evaluation of the glo- 
merular lesion of patients with lupus nephritis is the role of immunoglobulin isotype and subclass. 
Most studies of the immunolluorescence microscopic findings in lupus nephritis have emphasized the 
deposition rather than the clases of immunoglobulins found. 

In our own series of patients with lupus nephritis, IgG was most frequently present, followed by IgM and 
IgA. Less often, ШЕ is detected and usually is confined to the peripheral capillary wall In LN case Ш and 
IV (focal and diffuse, respectively). peripheral granular and mesangial deposit appear concurrently. With 
equal frequency, IgM and IgG are detected in clas П mesangial proliferative LN, and elass V, membranous 
LN disease. Ig is identified mos frequently in class IV diffuse lupus nephritis and appears to be associated 
‘with necrosis in some class IV patients These findings are similar to those of other studies. 

JgG and IgM are the clases of immunoglobulin that most commonly are deposited, and although 
IgA is found frequently, it is not as common, nor is its distribution as extensive as that of the other 
two immunoglobulins, In one study, IgG2 was found more frequently than other subclasses. Because 
subclasses IgG? and IgG do not readily activate complement, a mild lesion would be expected to 
occur with these subclasses versus with IgG ог IgG3, This analysis, however, showed a poor correla- 
tion between IgG subclass and the severity of the morphologic lesion. Deposition of IgE usually has not 
been identified specifically. When assessed, however, it has been found infrequently and been thought 
to reflect part ofthe general autoimmune response associated with this clinical syndrome of SLE. Some 
recent reports have suggested that IgE deposits in lupus nephritis are associated with a poor prognosis. 

"The so-called full-house pattern of multiple immunoglobulin deposition and classic and alternative 
complement pathway deposition is characteristic of SLE and does not indicate any difference in severity of 
the lesion from a patter of one immunoglobulin alone, Complement components, including the mem- 
brane attack complex, fibrinogen, and properdin, usually are associated with the presence ofimmunoglobu- 
lins, particulary in the more severe classes of disease. Less frequently, СА is found in class П mesangial 
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proliferative LN, and class IV diffuse LN disease, which correlates with а lower activity index. The pattern 
‘of deposition usually is coarsely granular and corresponds to the dense deposits that are seen on electron 
microscopy. Occasionally, a purely linear pattern similar to that seen with anti-GBM antibody is found, but 
no pathologic or clinical implications for this type of deposition have been identified. 


Additional Pathologic Features 

Although the ISN/RPS classification is based primarily on the glomerular changes, it should be recognized 
‘hat tubular, interstitial, and vascular lesions are an important part ofthe renal involvement and can contrib- 
ute to the clinical picture. These additional pathologic features include vascular thrombosis and proliferative 
and sclerotic vascular lesions, including inflammatory vasculitis and tubular interstitial lesions. These com- 
plicating lesions occasionally are the predominant ones leading to clinical evidence of renal involvement. 
In addition, these lesions may become active or progress independently of the primary glomerular lesion. 
“Thus, they should be evaluated independently as additional comorbid factors that may relate to specific 
additional therapeutic maneuvers or that have different prognostic significance. 


Vascular Lesions 

Vascular lesions were not considered in the establishment of the WHO or ISN/RPS classifications or in 
the currently used activity and chronicity indices. Vascular lesions are common and may include intra- 
vascular thrombosis, arterial and arteriolosclerosis, and necrotizing vasculitis. Of particular importance 
is the occurrence of glomerular capillary thrombosis signifying intravascular coagulation (Fig, 3.262). 
А pattern similar to that seen in adult hemolytic uremic syndrome, with multiple capillary and arterio- 
lar thrombi containing fibrin, has been associated with the clinical course of rapidly progressive renal 
failure and is best diagnosed as thrombotic microangiopathy. Plasminogen activators are depressed in 
some of these patients, in whom inhibitors of plasminogen activators are elevated. Studies have shown 
lowe levels of tissue-type plasminogen activator and elevated levels of plasminogen activator inhibitor in 
patients with lupus nephritis that is associated with glomerular capillary deposition of fibrin or thrombus 
formation. Because these alterations in plasma levels of tissue plasminogen activator and 2-antiplasmin 
would be expected to retard fibrinolysis, they were corrected by administration of the fibrinolytic agent 
ankyroid to patients with lupus glomerulonephritis. Thus, itis proposed that the disorder in fibrinolysis 


FIG. 3.262 Lupus nephritis. One of the most prominent vascular lesions seen in association with 
diffuse or focal lupus nephritis is the presence of intracapillary thrombi. There is also endocapillary 
hypercellularity. This is associated with the presence of antiphospholipid antibodies or lupus 
anticoagulant (ones, x400). 
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predisposes some patients with SLE to renal microvascular thrombi. Autoantibodies to ADAMST1S have 
also been postulated to be involved mimicking the familial form of thrombotic microangiopathy caus 

ing a thrombotic thrombocytopenic purpura (TTE)-ike syndrome. Others have confirmed the asso- 

ciation of glomerular thrombi with the presence of antiphospholipid antibodies in some, but not all, of 
‘these patients. Patients with this lupus anticoagulant in ther serum are subject to glomerular thrombosis, 
which might be independent of the presence of glomerular inflammation. In such patients, the glomeru 

lar thrombosis sometimes isthe primary pathogenic event and likely causes the progression of renal 
disease without participation of the accompanying immune responses. 

Necrotizing vasculitis with vascular necrosis and leukocyte infiltration is a rare finding (sce ANCA- 
associated nephritis) and it appears to be a marker of poor prognosis in patients with lupus nephritis (Fig. 
32634). The lesions can resemble the necrotizing arteriolitis that is seen with malignant hypertension 
and hemolytic uremic syndrome or a true vasculitis characterized by fibrinoid necrosis of small arteries 
and arterioles surrounded by an inflammatory infiltrate of the vessel wall. Subendothelial immune and 
complement deposits can sometimes be identified associated with the fibrinoid necrosis. 

Immunofluorescence microscopy sometimes reveals immune complex deposition in the vessel 
wall without any light microscopic reaction (Fig, 32638). These lesions, so-called bland lupus vascu 
lopathy, which are reported in as many as 10% of patients with lupus nephritis, do not appear to impact 
significantly on prognosis. When the massive vascular deposits are associated with fibrinoid material, 
encroaching on and narrowing the lumen, the term lupus vasculopathy is used. This lesion is distinct 
from lupus vasculitis in that there is no inflammatory component. Nephrosclertic lesions with intimal 
Sibroplasia and hyaline arteriolar sclerosis can also be encountered in biopsies of patients with SLE, 
particularly in hypertensive patients, These lesions also are а major comorbid factor, contributing not 
only to the progression of renal failure but possibly also having an adverse effect on patient survival, 
Renal venous thrombosis is another vascular complication of lupus nephritis, but it is seen almost 
exclusively in patients with membranous lupus nephritis complicated by nephrotic syndrome. 


Tubulointerstitial Disease 
Interstitial inflammation, fibrosis, and tubular epithelial changes are often encountered in lupus nephri 

tis (Figs. 3261, 3265). Severe active tubulointersitial nephritis most commonly is seen in association 
‘with class Ш or IV, focal or diffuse LN, glomerular lesions, It is less frequently encountered in the other 
clases. Although in most instances the interstitial inflammation is composed of lymphocytes and plasma 
cell, granulocytes and eosinophils also frequently are found and probably reflect the more active lesion. 


FIG. 3263 Lupus nephritis. (A) Rarely, a vacuis is seen in patients with lupus. The vasculitis resembles 
that of microscopie polyarteritis and shows transmural necrosis associated with an inflammatory infiltrate 
(Wasson trichrome, 200) 
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ontd (8) mmunotluorescence of these vessels often reveals deposition of 
immunoglobulins (anti-IgG immunofluorescence, x400). 


Wwe 


'h there is evidence of tubulitis 
tes invading the tubular epithelium sometimes accompanies the glomerular lesion. 
ге often prominent in the infiltrate. The tubular interstitial disease in some instances 
progresses independently of the glomerular disease and can in and of itself lead to end-stage kidney 
disease (hematoxylin and eosin, x400). 


several different mechanisms 
nephritis, Of interest is the observation 
and has 


glomerular disease in some pati 
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FIG. 3.265 Lupus tubular interstitial nephritis. There is a diffuse interstitial infiltrate most prominent 
in the juxtamedullary cortex. The infiltrate is predominantly mononuclear with occasional neutrophils 
and eosinophils. There is focal necrosis of tubules (hematoxylin and eosin, 200). 


that the infiltrate of T cells and monocytes may be ап important determinant of the pathogenesis and pro- 
gression of chronic injury in lupus nephritis by mediating interstitial injury and fibrosis. While the presence 
ofinterstitial disease has significant prognostic implications, the current classification does not take this into 
consideration and its contribution must be assessed as an independent factor. 


Assessment of Severity and Chronicity 
Several studies have emphasized the importance of using semiquantitative biopsy analyses to assess the 
activity and severity of lupus nephritis, Disease activity has been related to the presence of necrosis 
cellular crescent formation, endocapillary and mesangial cellular proliferation, glomerular leukocyte 
infiltration, so-called hyaline thrombi (ie, massive subendothelial deposits bulging into the capillary 
lumen), and glomerular and interstitial inflammation (Table 3.7). Chronicity has been graded accord- 
ing to the degree of glomerulosclerosis and fibrosis as well as the amount of interstitial scarring and 
tubular atrophy. Challenges remain in interpretation of chronic histologic findings. Chronic lesions, 
such as segmental or global glomerulosclerosis can be the sequelae of previous more aggressive lesions 
such as previous crescents, fibrinoid necrosis, or endocapillary hypercellularity, or the result of non- 
specific findings, such as obsolescence secondary to aging, ischemia, or hypertension 

"The ISN/RPS 2004 classification does not require the use of a formal activity or chronicity index 
Il does include that the diagnostic line should identify the proportion of glomeruli with active and 
chronic lesions, fibrinoid necrosis, and crescents; also state the extent of tubulointerstitial fibrosis; and 
specify the presence of any extraglomerular vascular lesions. Although some authors have questioned 
the value of these indices and their reproducibility, such an approach has been useful in studies of 
large groups of patients Recent studies have suggested that quantification may be of value in assessing 
the prognosis for individual patients. Because application of these indices is both observer- and inst 


tution-dependent, variations can occur between institutions. Within an institution, however, where 
{greater standardization for the application of criteria can be accomplished, these indices are of value in 
following patients, particularly those who undergo serial or repeat biopsies, 

"The clinical value of renal biopsy in lupus nephritis appears to be well established. Some still ques 
tion its usefulness, whereas others recommend И for every patient, even in the absence of clinical and 
laboratory data indicating renal involvement. On the other hand, most investigators agree that it is 
impossible to predict the types of severity and activity of renal lesions from any combination of clinical 
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and laboratory findings alone, Further advances are needed in the treatment of severe lupus nephri- 
tis both to reduce the current mortality rate of 10-20% after 10 years and to decrease the develop- 
ment of renal insufficiency during dialysis, which occurs in nearly 25% of patients, Close collaboration. 
between the clinical nephralogist and the renal pathologist is most important in making appropriate 
therapeutic decisions in the application of new strategies. To the extent that findings from renal biopsy 
provide а rationale for the use of potentially toxic drugs and other new immunotherapies, the proce 
dure appears to be more than worthwhile. This team approach will help to reduce the current mortality 
rate and to decrease the development of renal insufficiency requiring dialysis. 


Etiology/Pathogenesis 
SLE is an autoimmune disease characterized by los of tolerance and the production of autoantibodies 
to nuclear constituents, Recent research in animal models of lupus has helped define the pathogenetic 
mechanisms of renal manifestations and in defining the contribution of immune complexes contain- 
ing endogenous RNA and DNA in triggering the production of type 1 interferons by dendritic cells via 
activation of endosomal Toll-like receptors. An important factor in determining glomerular damage is 
autoimmunity to double-stranded (ds) DNA and nucleosomes. In situ binding of anti-dsDNA antibod: 
ies initiates the inflammatory changes present in lupus nephritis. These autoantibodies colocalize with 
mucleosome-binding anti-dsDNA/-histone/-transeription factor antibodies derived from apoptotic cele 
and are not directed to intrinsic glomerular structures. The patterns of the different clases of lesions 
‘of lupus nephritis correspond to the experimental lesions produced by immune complex deposition in 
animal models. The pathogenesis varies with the class of the lesion, The generation of relatively small 
numbers of stable immune complexes of intermediate size with antibodies having high afinity and high 
avidity accumulate in the mesangium as a result of the mesangial clearing system for removal of macro- 
molecules, The relatively small number of complexes, which is characteristic of minimal mesangial and. 
mesangial proliferative LN, class I and Il, respectively, prevents the mesangial system from becoming 
overloaded and allows the complexes to be sequestered in the mesangium, where they are subject to deg- 
radation and removal rather than remaining at sites where they could initiate an inflammatory response 
Fibronectin is an important component of the mesangial matrix, and given its capacity to interact vith 
aggregates of immunoglobulins and immune complexes in the circulation its presence in the mesangium. 
may play a role in this type of localization, particularly when IgA antibodies are present. 

Immune complexes localized to the subendothelial region, as seen in focal and diffuse LN, clas Ш 
and IV, respectively, have access to plasma inflammatory mediators initiating the severe glomerulanephri- 
tis that is seen in these forms of lupus nephritis. Large numbers of intermediate-size complexes or large 
complexes that are formed by high-affinity antibodies likely overcome the mesangial ability to dear these 
macromolecules. As a resul, these complexes accumulate in a poramesangial subendothelial location, and 
then ultimately in the peripheral capillary loops. The nature ofthe antigen and antibody also may contribute 
lo the predominance of subendethelial localization in this class. Characteristics of certain antibodies, such. 
эз cationic charge, could permit binding of complexes that contain such antibodies to negative charges pro- 
vided by nucleosomes generated from apoptotic glomerular cells, thus accounting for the nephrotropism. 
[the complexes are large and highly cationic, they will bind and fx to the closest anionic charges that are 
encountered at the subendothelial location. Following the initial binding of what might only be a small 
population of nephrotzopic antibodies, activation of inflammatory cytokines can increase the permeability 
‘ofthe capillary wall, hus allowing other complexes to deposit. 

"The pathogenetic mechanism leading to the membranous pattern of class V lupus nephritis likely results 
from in situ formation of immune complexes, This suggests an immune response that is characterized by the 
presence of small, unstable, circulating immune complexes formed by low-avidity and low-affinity antibod- 
des in the presence of antigen excess. Under such conditions, complexes may disassociate with the antigen 
or antibody lodging in the glomerular capillaries. Subsequently, complexes are formed in situ attaching 
to the target protein, which has been planted in the outer aspect of the GBM. Of particular importance is 
that nucleosomes, apoptotic chromatin either derived from the circulation or from local glomerular cells, 
provide anionic sites in the GBM to facilitate in situ deposition of autoantibodies. Because such epimembra- 
nous deposits also are sequestered from access to circulating inflammatory mediators, an acute inflamma- 
tory component with cellular infiltration is not present. 
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Key Diagnostic Findings of Lupus Nephritis 


* Immune complexes, usually fll house staining by immanofluorescence 
+ Immune complex deposits and tubuloreticular inclusions by electron microscopy 
= Variable location of deposits results in variable injury patterns 


Differential Diagnosis of Lupus Nephritis 


^ Other immune complex diseases must he excluded, with the following guidelines: 
* IgA nephropathy is considered when deposits are IgA dominant or codominant 
+ Postinfectious glomerulonephritis is considered with dominance of C3, usually with ab- 
sence of Clg, with hump-type deposits. 
+ Cryoglobulinemic glomerulonephritis often has IgM dominance of deposits, whereas lupus 
nephritis is IgG dominant in nearly all cases, Cryoglobulinemic glomerulonephritis also 
may have a clonal component and PAS-positive cryoplugs by light microscopy, 


Notes: Tubuloreicular inclusions also known as reticular aggregates) are common in lupus nephritis, 
but not seen in the above, Of note, some patients with lupus nephritis may also have concomitant 
eryoglobulins and injury related to these deposits. 

PAS, Periodic acid-Sehif. 
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HENOCH-SCHÖNLEIN PURPURA (IgA VASCULITIS) 


Henoch-Schónlein purpura (IgA vasculitis) is a form of immune complex vasculitis with prominent IgA 
deposits. t presents as a nephropathy with prominent extrarenal involvement. The term [pA vasculitis 
was adopted for Henoch-Schônlein purpura at the Chapel Hill International Consensus Conference on. 
vasculitis but the eponym remains to distinguish it from other IgA-related nephropathies, The clinical pic- 

ture is that ofan acute nephritis and is associated with the presence of purpurie lesions of the skin, arthri- 

tis, and gastrointestinal hemorrhage, It is the most common form of systemic vasculitis in children but 
is also seen in adults where it tends to be associated with more severe disease, It is a multiorgan systemie 
vasculitis that is immune complex-mediated by IgA-rich immune complexes. Although largely a disease 
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of children, reports of Henoch-Schónlein purpura have encompassed the entire age range. Clinical 
manifestations of Henoch-Schónlein purpura mimic those of systemic vasculitis of various types, Clas- 
scaly, patients present with gastrointestinal bleeding, palpable purpura, arthralgia, and renal disease. 
‘Clinical renal manifestations range from mild, with only microscopic hematuria, to severe, with acute 
renal failure Clinically its presentation is different from IgA nephropathies in that it usually presents asan 
acute episode whereas classic IgA nephropathy is a chronic progressive disease. 

"The pathologic lesions of Henach-Schénlein purpura are essentially identical to IgA nephropathy 
‘with activation of the alternative complement pathways. The lesions are varied and range from a pure 
mesangial proliferative glomerulonephritis to a focal segmental necrotizing glomerulonephritis to a 
diffuse crescentie glomerulonephriti and a pattern similar to that of membranoproliferative glomert- 
loncphrits (Figs 3266-3274). The variety of lesions seen in Henoch-Schónlein purpura is similar to 
that seen in lupus glomerulonephritis and parallels those seen in IgA nephropathies. Immunolluores-. 
сепсе microscopy is characterized by the deposition of IgA, mostly subclass [gAL, in glomeruli and, 
depending on the severity of the lesion, the pattern of the lesion may range from a mesangial distribu- 
lion to a peripheral capillary distribution (Figs. 3275, 3.276). А feature that distinguishes Henoch- 
Schálein purpura from other forms of IgA nephropathy is the frequent presence of deposits of IgG 
and occasionally IgM. Complement components and fibrinogen coexist with the immunoglobulins 
Electron microscopy is also varied, Abundant mesangial electron-dense deposits are the most char- 
acteristic finding but subendothelial and subepithelial deposits with mesangial interposition are also 
present in severe cases (Figs. 3277-3281), A histologic classification has been proposed by the Inter- 
national Society of Kidney Diseases in Children (ISKDC). The lesions are graded into grades 1, П, Ш, 
IV, and V according to the presence and percentage of glomeruli with crescents. Grade VI is used for 
lesions with a membranoproliferative pattern (Table 3.8), 


Etiology/Pathogenesis 

Henoch-Schönlein purpura is an immune complex disease characterized by the presence of immune. 
complexes of IgA antibody and endogenous mucosal and exogenous antigens. Exogenous antigens from 
food, drugs, and infections have all been implicated. Mucosal infections of the upper respiratory tract 
and gastrointestinal tract have been of special interest as these are the sites of IgA-mediated immunity. 


FIG. 3.266 Henoch-Schonlein purpura nephritis. The glomerulus shows evidence of lobular 
accentuation, mesangial hypercellularity, and focal thickening of the peripheral capillary walls 
hematoxylin and eosin, x400), 
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accentuation, mesangial hypercellularity, and focal thickening of the peripheral capillary walls and 
Segmental necrosis (hematoxylin and eosin, x400). 


FIG. 3268 Henoch-schênlein purpura nephritis The glomerulus demonstrates moderate diffuse 
mesangial proliferation with an early epithelial crescent (periodic acid-Schiff, x400). 
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FIG. 3.269 Henoch-Schanlein purpura nephritis. There is an adhesion to Bowman's capsule, early 
‘crescent formation, and an increase in mesangial matrix. The pattern is segmental (Jones, x400) 


FIG. 3.270 Henoch-Schónlein purpura nephritis. There is segmental necrosis with accumulation of 
fibrinoid material. The remainder of the glomerulus shows mesangial hypercellularity and an increase. 
in matri (trichrome, x400) 
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FIG. 3271 Henoch-Schónlein purpura nephritis, А later stage demonstrates mare extensive mesangial 
sclerosis in addition to the continued presence of fragmented red blood cells and leukocytes within, 
the capillary lumina (trichrome, x400). 


FIG. 3272 Henoch-Schönlein purpura nephritis. Segmental sclerosis is prominent with loss of the 
normal architecture. The remainder of the glomerulus appears to have somewhat less hypercellularity 
(trichrome, x400). 
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FIG. 3273 Henoch-Schónlein purpura nephritis. A more severe example where global glomerular 
necrosis is present with abundant fibrin within Bowman's space (Jones, x400). 


FIG. 3274 Henoch-Schónlein purpura nephritis. A more severe example where global glomerular necrosis 
is present with abundant fibrin within Bowman's space and a smali cellular crescent (Jones, хао). 
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FIG. 3275 Henoch-Schónlein purpura nephritis. Immunofluorescence demonstrates global and diffuse 
mesangial and segmental capillary loop deposition of IgA (antilgA immunofluorescence, x400). 


FIG. 3276 Henoch-Schónlein purpura nephritis. IgG is also present in a similar global and diffuse 
mesangial and segmental capillary loop pattern (anti-IgG immunofluorescence, x4 


FIG. 3277 Henoch-Schónlein purpura nephritis. Electron microscopy reveals an increase in mesangial 
cellularity with the presence of mesangial deposits The capillary lumina are occluded by the presence 


of numerous leukocytes (transmission electron microscopy, 2000) 
То view this electron micrograph with color coded overlays explaining each component, please visit 


ExpertConsult.com. 


FIG. 3.278 Henoch-Schónlein purpura nephritis. The endothelial cells are swollen and there are 
subendothelial and mesangial electron-dense deposits corresponding to the IgA, Ig deposits seen on 


immunofluorescence (transmision electron microscopy x5000). 
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FIG. 3279 Henoch-Schónlein purpura nephritis. subepithelial deposits resembling humps are also 
occasionally seen. The capillary lumen on the top right demonstrates a leukocyte, which has stripped 
the endothelium away from the basement membrane (transmision electron microscopy, х5000). 
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FIG. 3280 Henoch-Schanlein purpura nephritis. Mesangial deposits are universally present, with 
segmental subendothelialiparamesangial deposits, with mostly intact foot processes in this area. 
{transmission electron microscopy, 5000). 


ichlónl 


of in Purpura 


Key Diagnostic Featur 


^ IgA dominant or codominant deposits by immunofluorescence, frequent IgG and occasional IgM 
‘+ Mesangial and subendothelial deposits by electron microscopy 

^o Variable light microscopic pattern, frequently with crescents 

Note: The morphologic appearance of Henoch-Schónlein purpura nephritis overlaps with IgA ne- 
‘phropathy. However there more often may be crescents, perhaps reflecting in part a bias to biopsy 
patients with more aggressive course. 
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FIG. 3281 Henoch-Schónlein purpura nephritis. Mesangial deposits are universally present. In 
this image, a leukocyte can be seen in the mesangial area (top feft) as well as the presence of 

subendothelial deposits in the capillary loops with endothelial cell swelling. There is also segmental 
effacement of the podocyte foot processes (transmission electron microscopy, x5000). 


phriti 


in Purpui 


N 


Minimal histologic alterations. 
Pure mesangial proliferation. 

Focal (Ша) or diffuse (llb) mesangial proliferation with <50% crescentic glomeruli 
Focal (Ма) or diffuse (IVb) mesangial proliferation with 50-75% crescentic glomeruli 
Focal (Va) or diffuse (Vb) mesangial proliferation with >75% crescentic glomeruli 
Membranoproliferative-tike glomerulonephritis 


{SKDC ternational society of Kidney Diseases in Children 
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MIXED CONNECTIVE TISSUE DISEASE 


Mixed connective tissue disease (MCTD) is a systemic autoimmune disease with an overlap syndrome 
carrying features of SLE, scleroderma (also sometimes called systemic sclerosis), and polymyositis, 
Serologically, it is distinguished from SLE and progressive systemic sclerosis (PSS; scleroderma) by 
the presence of antibodies against the U1 small nuclear ribonucleoprotein autoantigen (UlsnRNP). 
Clinical features include a variety of systemic manifestations, similar to SLE and systemic scleroderma. 
Renal manifestations are relatively uncommon. The clinical manifestations of renal involvement are 
variable in degrees of proteinuria, including a full-blown nephrotic syndrome. A few patients have 
marked hypertension and microangiopathic hemolytic anemia, 

Severe renal disease with glomerulonephriis is not common in MCTD. Ithas been postulated that 
the high titers of anti-U1 saRNP may protect against lupus-like glomerular involvement. The most 
common pattern of renal pathology in MCTD is a membranous nephropathy (Figs. 3282-326), As 
in lupus, there are usually mesangial deposits and some degree of mesangial proliferation, Immuno- 
fluorescence studies typically reveal granular capillary staining for IgG and C3, and occasionally IgA 
and IgM (Fig. 3287). Less commonly, the renal lesion is a diffuse mesangial proliferative glomerulo- 
nephritis (Figs. 3.288, 3.289). Rarely, a few cases demonstrate subendothelial deposits and have a more 
diffuse membranoproliferative pattern (Figs. 3290-3292). The renal findings essentially parallel those 
in lupus with a more prominent involvement of membranous lesions, Vascular lesions similar to those 
‘of scleroderma can occur occasionally, associated with hypertensive crisis (Fig. 3.293). There also have 
been sporadic reports of the presence of ANCA-associated vasculitis, minimal change disease, and 
focal sclerosis. 


Etiology/Pathogenesis 
Mixed connective tissue disease is an autoimmune disease with prominent development of antibodies 
to ribonudear proteins. The etiology and pathogenesis ofthe renal lesions are essentially similar to that 
‘of lupus nephritis (see section on SLE). 


FIG. 3282 Membranaus nephropathy in mixed connective tissue disease. The pattern is similar to 
that seen in lupus with lobular accentuation and diffuse thickening of the basement membranes 
(hematoxylin and eosin, x400). 
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FIG. 3283 Membranous nephropathy in mixed connective tissue disease Silver methenamine stain 
demonstrates thickening of the capillary walls and a typical spike and dome appearance (Janes, x400). 


FIG. 3.284 Membranous nephropathy in mixed connective tissue disease. Trichrome stain 
demonstrates diffuse thickening and the presence of eosinophilic deposits in the glomerular basement 
membranes (trichrome, x400). 


FIG. 3.285 Membrancus nephropathy in mixed connective tissue disease. Electron micrograph demon- 
strates diffuse thickening of the glomerular basement membrane with patent capillary loops. Numerous 
subepithelial and intramembranous deposits are present (transmission electron microscopy, 3000). 


FIG. 3286 Membranous nephropathy in mixed connective tissue disease. Numerous subepithelial and 
occasional intramembranous and mesangial electron-dense deposits are present (transmission electron 
microscopy 10,000). 


DISEASES ASSOCIATED WITH NEPHRITIC SYNDROME OR RPGN: IMMUNE MEDIATED 


87 Membranous nephropathy in mixed connective tissue disease. Immunofluorescence 
studies typically reveal a peripheral granular staining for IgG and occasionally IgM and IgA (anti-lgM 
immunotluorescence, x400). 


16. 3288 Mesangial proliferative glomerulonephritis in mixed connective tissue disease. There is 
diffuse mesangial hyperplasia, peripheral capillary loops are well preserved, and leukoetic infiltration 
is not prominent (hematoxylin phloxine saffron, x200), 


| CHAPTER 3 GLOMERULAR DISEASES 


FIG. 3.289 Mesangial proliferative glomerulonephritis in mixed connective tissue disease. There is mild 
increase in mesangial cellularity and matrix (periodic аа вені, 200) 


FIG. 3290 Membranoprolferative glomerulonephritis in mixed connective tissue disease. The pattern 
here is similar to that seen in systemic lupus erythematosus with lobular accentuation, increase in 
mesangial cellularity and matrix and double contours and cellular interposition of the peripheral 
capillary loops (periodic acid-Schiff, x400). 


FIG. 3251 Membranoprolierative gomerulo 
Immunofluorescence demonstrates the presen 
capillary pattern (anti-AgG immunofluarescence, x 


PGN) in mixed connective tissue disease. 
‘globulin in a mesangial and peripheral 


FIG. 3292 Membranopraliferative glomerulonephritis (MPGN) in mixed connective tissue disease. Electron 
microscopy demonstrates mesangial deposits and paramesangial and subendothelal deposits (transmission 
electron microscopy x5000). 

To view this electron micrograph with color coded overlays explaining each component, please visit 
Experttonsult com. 
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FIG, 3.283 Mixed connective tissue disease. The vascular changes are similar to those of systemic sclerosis 
with concentric hyperplasia of the media of this interobular artery (hematoxylin and eosin, x400) 
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MIXED CRYOGLOBULINEMIA 


‘Three types of cryoglobulinemic disease (types 1, Il, and Ш) have been described. Type Lis composed 
of monoclonal cryoglobulin antibodies due to an underlying plasma cell дузстана, including mono- 
donal IgM, and is described elsewhere. Mixed cryoglobulinemia is of two types. Type Ш or essential 
mixed cryoglobulinemia contains both a polyclonal IgG (which may either act as an antigen or be 
directed against an antigen) and a monoclonal IgM rheumatoid factor directed against the IgG. Most 
‘cases are due to chronic infection with hepatitis C virus and les frequently infection with hepatitis В 
viras or Epstein-Barr virus, Type I is also a mixed cryoglobulinemia in which both components of 
the cryoglobulin are polyclonal and are often secondary to chronic inflammatory and autoimmune 
diseases as well as in patients with hepatitis C infection. Patients usually have nephriic syndrome, 
often with nephrotic range proteinuria with variable renal insufficiency. About a third of patients also 
have purpura and arthralgias, with low СА in three-fourths and low СЗ in half, and positive rheuma- 
ibid factor in most. New highly effective antiviral treatments for hepatitis C may improve the cryo- 
slobulinemia and course of kidney disease. Currently, patient mortality is still significant, with only 
about half of patients with mixed cryoglobulins and decreased renal function surviving 10 years. 

By light microscopy, the pattern is nearly identical to that seen in membranoproliferative glo- 
‘merulonephritis (Figs. 3294-3298). The glomeruli are enlarged, have lobular accentuation, and have 
varying degrees of leukocytic infiltration In the acute phase, there may be numerous PMNs, and mono- 
cytes are prominent at all stages. Double contours of the peripheral capillaries can be seen, and 
capillary lumina contain eosinophilic deposits that correspond to the circulating cryoglobulins (Fig. 
3299). They are often referred to as hyaline thrombi or eryoplugs, and stain strongly positive for PAS 
due to the frequent presence of IgM, a glycated immunoglobulin (PAS stains glycoproteins strongly) 
(sce Fig. 3.296A-B). There may be occasional crescents, and small arteries may occasionally show 
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FIG. 3294 Mixed cryaglobulinemia, There is lobular accentuation of the glomerular architecture with 
an increase in mesangial cellularity and matrix. The capillaries are pushed to the periphery and double 
Contours and cellular interposition of the capillaries can be identified (hematoxylin and eosin, x400). 


FIG. 3.295 Mixed cryaglobulinemia, Glamerulus from the biopsy of a patient with cryoglobulinemia, 
‘There is lobular accentuation of the glomerular architecture with an increase in mesangial cellularity 
and matrix. The capillaries show hyaline thrombi (cryoplugs) within capillary lumina (hematoxylin and 
eosin, »400). 
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FIG. 3296 (A) Mixed cryoglobulinemia. The capillary loops are dilated with "cryoplugs" that are 
strongly positive for periodi acid-Schiff staining. Proliferation of glomerular cells is nat promi 
(periodic acid-Schiff, х20) (8) Mixed eryoglobulinemia. Electron microscopy shows “cryoplug: 
the capillary lumen with trapped red blood cells and fibrin ractoids. The podocyte в filled wit 
reabsorption droplets and shows diffuse effacement (transmission electron microscopy, x4000) 
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FIG 3297 Mixed cryogiobulinemia. Trichrome stain shows the lobular accentuation, evidence of 
mesangialization with capillaries filled with leukocytes. Hyaline thrombi (cryoplugs) area also seen. 


within some capillary lumina (trichrome stain, 400). 


FIG. 3298 Mixed cryoglobulinemia. Silver stain shows the lobular accentuation, and evidence of 
capillaries filled with hyaline thrombi (cryoplugs) within capillary lumina (silver stain, 00). 


vaseulitic lesions related to cryoglobulin deposits. There are no distinguishing morphologie features 
to separate type Ш mixed cryoglobulinemia from the other forms. Immunolluorescence microscopy 
demonstrates the presence of IgM and IgG as well as complement components, In cryoglobulin 
related glomerulonephritis, IgM may be more prominent than other Lgs. When a monoclonal compo- 
nent is present, there may be predominance of either kappa or lambda (Figs. 3.300-3.303). Electron. 
microscopy reveals a pattern similar to that seen with membranoproliferaive glomerulonephritis 
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FIG. 3.299 Mixed cryoglobulinemia. Silver stains show evidence of duplication of the capillary 
basement membrane due to interposed mesangial cells and monocytes (Jones, x400). 


FIG. 3300 Mixed cryoglobulinemia. Immunaflucrescence demonstrates the presence of IgM in a 
peripheral capillary and mesangial pattern. The peripheral capillary pattern is markedly granular (anti- 
IgM immunotluorescence, 400) 
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1G. 3.201 Mixed cryoglobulinemia, mmunofluorescence microscopy alsa demonstrates the presence 
of 19G. Complement в present in a similar pattern (ап: immunofluorescence, x400). 


n Mixed eryoglobulinemis. When a monoclonal component is present, either 
dominant kappa or lambda chain staining is seen ina similar peripheral pattern (anti kappa 
immunofluorescence, 400) 


(Pigs, 3304-3307). One distinguishing feature seen in cryoglobulinemia is the presence of organized 
deposits. Deposits have a crystalline structure ог vague short fibrillary substructure, and sometimes a 


tubular configura 
ош type Il cryoglobulinemia on a morphologic basis, and 


tion (Figs. 3.308-3.310). Once again, there are no distinguishing features to separate 


diagnosis of the specifie type of сую 


globulin is made оп analysis of the serum cryoglobulins 


FIG. 3303 Mixed eryoglabulinemia. When a monoclonal component is present, either kappa or 
lambda chain staining is seen in a sir э! pattern. Cryoplugs are prominent (anti kappa 
immunofluorescence, x400). 


ncs of abundant 
subendothelial deposits. The capillary lumina are filled with leukocytes (transmission electron 
microscopy, к3000). 
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на. 3305 Med ereslobulnemiaeukoo inflation with occlusion of the capillary umen i 

Prominent (raramen electron тешеру, 000 


FIG. 3306 Mixed cryaglobulinemia, There is marked endothelial cell swelling and the subendothelial 
deposits have an irregular organized appearance (transmission electron microscopy, x800). 


FIG. 3307 Mixed cryoglabulinemia. There в marked endothelial cell swelling with subendothelial 
deposits and leukocytes filing the lumen (transmission electron microscopy, x4000) 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult com 


FIG. 3.308 Mixed eryoglobulinemia. The "hyaline thrombi” or so-called "cryoplugs" seen on 
light microscopy consist of large subendathelial deposits bulging into the capillary lumen with an 
organized tubular appearance by electron microscopy. Occasional dark fibrin tactoids are also present 


(transmission electron microscopy, 12,000). 


Ri xm 
FIG. 3.309 Mixed eryeglobulinemia. The subendothelial deposits have the organized appearance 
characteristic of ryoglobulinemia (transmission electron microscopy, «6000. 


FIG. 3.310 Mixed cryaglobulinemia, The subendothelial and intraluminal deposits have the organized 
appearance characteristic of ryoplugs. А reticular aggregate is also seen in the endothelial cytoplasm 
(transmission electron microscopy, 000), 
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Etiology/Pathogenesis 
‘The pathogenesis af the renal lesions is similar to that of the other types of eryoglobulin-associated 
disease but is distinguished by the presence of antibodies that are polyclonal specific for an antigen 
associated with a monoclonal or polyclonal rheumatoid factor IgM. Mixed cryoglobulins have been 
described in а variety of connective tissue diseases, infections, and malignancies. The link with Һера 
tis C infection has emerged in the Last several years. 


Key Diagnostic Features of Mixed Cryoglobulinemic Glomerulonephritis 


= Mesangial or membranoproliferative features by light microscopy 
+ Periodic acid-Sehiff (PAS}-positive cryoplugs 

+ IgM, often clonal, deposits by immunofluorescence, often with lesser IgG 

‘Vague fibrillary or occasionally microtubular substructure of deposits by electron microscopy 


Note: Not all cases oferyoglobulinemicglomerulonephriis will display all or any of these features. 


Differential Diagnosis of Mixed Cryoglobulinemic Glomerulonephritis 


^ This entity must be distinguished from postinfectious glomerulonephritis, lupus nephritis, and 
glomerulonephritis associated with lupus-like conditions. When key diagnostic features (see 
earlier) are absent, this distinction may be difficult. 

^ However, cryoglobulinemic glomerulonephritis does not show reticular aggregates, as is typi- 
cal of lupus nephritis, and lupus nephritis deposits are typically IgG dominant. 

+ Of note, treatment of eg, hepatitis with exogenous interferon can induce reticular aggregates, 

^ Postinfectious glomerulonephritisis distinguished by dominant C3 with lesser IgG and hump- 
type deposits by electron microscopy. 
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ANTI-GBM ANTIBODY-MEDIATED GLOMERULONEPHRITIS 


Patients with anti-GBM antibody-medisted glomerulonephritis typically present with rapidly pro- 
gressive glomerulonephritis (RPGN). Patients may have isolated renal disease and inconspicuous or 
absent pulmonary symptoms, Patients have an autoantibody to alpha3 type IV collagen that binds to 
and injures the target antigen in glomerular basement membranes and in the lung. Of note, a minor- 
ity (13-16%) of patients do not have detectable antibody by standard ELISA tests. Even with sophis- 
ticated sensitive bioassays, a small percentage may not show circulating antibody. Patients may also 
have ANCA (anti-neutrophil cytoplasmic antibodies) in around 25-30% of cases, typically p-ANCA 
(myeloperoxidase, MPO-ANCA). These patients then can also have vaseulitic lesions beyond the tar- 
get sites where the anti-GBM antibody can bind. The anti-GBM antibody crost-reets in some patiente 
‘with alveolar basement membranes and thus causes pulmonary hemorrhage. The occurrence of RPGN 
and pulmonary hemorrhage is called Goodpasture syndrome. When the cause is anti-GRM antibodies, 
the term Goodpasture disease should be used. Men are affected more commonly than women in some 
series, but overall, females and males appear to be equally affected. The disease occurs at any age, but is 
more common in adults aged 20-40 years. A flu-like illness may precede the onset of disease. 

By light microscopy, the glomeruli show breaks of the GBM due to fibrinoid necrosis (Figs. 3.311- 
3313) In very early disease, crescents may not be apparent. This early stage is typically seen in patients 


FIG. 3.311 Antiglomerular basement membrane (GBM) antibody-mediated disease. There is segmental 
necrosis with a break of the GBM, and fibrinoid necrosis and polymorphonuciear leukocytes in this area, 
with a cellular crescent developing in response to this GEM break. The remainder of the glomerulus is 
unremarkable without proliferation and without deposits. Differentiation from other causes of crescentic 
‘slomeruionephriis without evident proliferation by ight microscopy is made by immunofluorescence, 
which demonstrates linear staining for IgG in ant-GEM antibody-mediated disease. 


FIG. 3:312 Anti-glomerular basement membrane (GEM) antibody-mediated glomerulonephrits. 
“There is evident segmental necrosis in both glomeruli, with uninvolved segments of the glomeruli 
showing no proliferation or evidence of immune complexes. There is early cellular crescent formation 
ones silver stain, x100). 
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FIG. 3.313 Anti-glomerular basement membrane (GBM) antibody-mediated glomerulonephritis. 
Early segmental fibrinoid necrosis s present, with GBM rupture. There is not yet a cellular crescentic 
reaction. The remaining portion of the glomerulus shows no proliferation or evidence of immune 
complexes (ones silver stain, x400). 


FIG. 3.314 Anti-glomerular basement membrane (GEM) antibody-mediated glomerulonephrits 
There is fibrinoid necrosis with karyorrhexis and ruptured fragments of GBM, with a small remaining 
intact portion of the glomerulus at the top. There is surrounding cellular crescent formation, and 
periglomerular inflammatory infiltrate (lanes silver stain, хао). 


who present with severe, life-threatening lang disease, who undergo renal biopsy for more specific and 
sensitive diagnosis of Goodpasture disease than possible by lung biopsy. Cellular crescents develop 
consequent to the GBM breaks (Fig. 3.314). Of note, glomeruli tend to show similar stage of lesions, 
as anti-GBM antibody-mediated disease is usually a one-shot injury, and not relapsing/remitting. The 
GBM shows ischemic corrugation with ruptures, with no apparent deposits or proliferation or hyper- 
cellularity ofthe glomerular tuft proper (Fig. 1315). With ongoing disease, Bowman's capsule ruptures, 
and there is periglomerular fibrosis and organization of the cellular crescent to a fibrocellular and 
ultimately fibrous crescent (Fig. 3:316). The interstitium shows lymphoplasmacytic infiltrate particu- 
larly around crescentic glomeruli with Bowman's capsule rupture and interstitial fibrosis and tubular 
atrophy developing. A granulomatous or giant cell reaction may even be present. Although fibrinoid 
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FIG. 3.315 Ant-glomerular basement membrane (GBM) antibody-mediated glomerulonephritis. The 


Fight half of the glomerulus is completely preserved, while the left half shows GBM ruptures, with 
corrugation and cellular crescent (Jones silver stain, i00). 


FIG. 3316 Ant-glomerular basement membrane (GBM) antibody-mediated glomerulonephriis. 

"n this more advanced lesion, there is corrugation and rupture of GBM with early fibrocellular 
organization of the crescent and rupture of Bowman's capsule with corresponding fibrinoid necrosis 
and surrounding periglomerular inflammation (Jones silver stain, x400). 
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at the hilum, the interlobul: 


necrosis may extend from the glomerular tuft to the arterio 


arteries do not show vasculitc lesions, unless ANCA are also present (see earlier) 


Immunofluoretcence microscopy is diagnostic, revealing strong, linear GBM staining for IgG 
(Fig. 3317). C3 is positive in nearly all cases, but is usually weaker than IgG and may be discon: 


tinuous or even obulin anti-GBM antibodies 


FIG. 3317 Anti glomerular basement membrane (GBM) antibody-mediated glomerulonephritis 
Linear GEM staining with I6 is diagnostic of this disease in this setting (anti-gG immunofluorescence, 
xao) 


FIG. 3.318 Anti-glomerular basement membrane (GEM) antibody-mediated glomerulonephritis 
Staining for C3 typically accompanies the IgG staining in cases of ant-GBM antibody- 

mediated glomerulonephritis, a useful but not pathognomonic feature to distinguish from. 

the linear accentuation and staining with IgG that may occur in diabetic nephropathy (anti-C3 
immunoftucrescence, x400) 
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have been described, with case reports of linear IgA or IgM in apparent anti-GEM antibody-mediated 
glomerulonephritis, Occasionally anti-GBM antibodies may cross-react with tubular basement mem- 
branes, resulting in linear tubular basement membrane staining (Fig. 3.319). This may contribute to 
an interstitial nephritis 

By electron microscopy, no deposits are detected (Fig. 3.320). This may reflect the uniform distri- 
bution of the antigen, the non-collagenous (NCI) domain of alpha 3(1V) collagen, and/or that these 
uniformly distributed deposits have the same density as the GBM. IgG antibody has been identified 
along the lamina interna of the GBM by immunoelectron microscopy. Breaks in the GBM may be 
detected by electron microscopy (Fig. 3.321), along with fibrin tactoids reflecting the segmental fibri- 

observed by EM when present 


noid necrosis, Crescents also as 


FIG. 3319 Anti-glomerular basement membrane (GBM) antibody-mediated glomerulonephrits. The 
antibody directed against the СЕМ may sometimes cross-react with the tubular basement membrane, 
asin this сазе, and may then be causal in an associated interstitial nephritis and tubular injury (ant 


106 immunofiuorescence, «400 


FIG. 3320 Ant-glomerular basement membrane (GEM) antibody-mediated glomerulonephritis 
Electron microscopy shows no discrete immune complexes since the antigen, the noncollagenous. 
domain of аз collagen, is a diffusely distributed integral part of the type IV collagen of the GEM. Only 
mild foot process effacement and segmental corrugation are present in this glomerulus (transmission 
electron microscopy, «6000 
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FIG. 3321 Anti glomerular basement membrane (GBM) antibody-mediated glomerulonephritis 
Electron microscopy may sometimes demonstrate the GEM breaks also seen by light microscopy, а 
demonstrated here, There are associated fibrin tactoids (transmission electron microscopy, x8000). 


FIG. 3322 Anti glomerular basement membrane (GEM) antibody-mediated glomerulonephritis 
When antibody titers persist at time of transplantation, this disease may occasionally recur in 
the transplant, as in this case, where linear anti GEM antibody staining was associated with mild 
glomerular injury. Note the associated linear tubular basement membrane staining (ant-gG 
immunofluorescence, 200) 


Anti-GBM antibody-mediated gi 
the noncollagenous C-terminal (NC1) dom 
vasement membrane, giving rise in some patients to combined pulmonary and ren 


merulonephritis is due to the development of autoantibody a 


in of alpha 3 (LV) collagen. The antibody to GBM cross 


reacts with lung 
lesions, A similar histologic pattern may occur in renal transplants in some patients with Alport syn- 
drome, who develop auto 

Alport syndrome). Alpha 3 (IV) collagen undergoes а conformational change in Goodpastures disease 


ibodies against normal type IV collagen in the transplanted kidney (see 


and this is postulated to cause the immune response. The events that trigger this conformational chan 
are unknown. The rare development of anti-GBM antibody-medisted glomerulonephrits in some 
patients with membranous nephropathy, resulting in superimposed crescents, suggests that immune. 
deposits can rarely be such a trigger. The development of disease sometimes is preceded by a flu-like 
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illness or hydrocarbon or solvent exposure, suggesting the possibility that alveolar antigens may have 
become exposed and caused an autoimmune response. Anti-GBM antibody-mediated glomerulone 
phritis can rarely recur in the transplant, usually when antibody titers remain high (Fig. 3.322). 

Interestingly, the appellation Goodpastures syndrome by Drs, Stanton and Tange did not meet 
with Dr Goodpastures approval, in that he deduced that the young man whom he described with 
ppulmonary-renal syndrome and also additional systemie vasculitis during the 1919 influenza epidemic 
did not have anti-GBM antibody-mediated disease. 


Key Diagnostic Features of Anti-GBM Antibody-Mediated Glomerulonephritis 


^ Crescents and segmental glomerular necrosis 
+ Linear staining of glomerular basement membranes by immunofluorescence for IgG and СЗ 
+ Absence of deposits by electron microscopy 


Differential Diagnosis of Anti-GBM Antibody-Mediated Glomerulonephritis 


Linear Positivity of GBMs by IF 

^ Linear accentuation of GBMs for IgG may be seen in diabetic injury, In anti-GBM antibody- 
mediated glomerulonephrits, there is associated necrotizing, crescentic injury, and often C3 
staining of GBM, features that are absent in diabetic nephropathy. 

^ Linear GBM staining is also present in monoclonal immunoglobulin deposition disease, 
most commonly light chain deposition disease (LCDD). In LCDD, there is typically mesan- 
gial expansion often nodular, and accompanying tubular basement membrane staining with 
‘monoclonal light chain, with corresponding amorphous deposits by ЕМ. 


Crescentic Lesions 

+ Immune complex disease may have crescents, and are diagnosed by disease-specific IF and 
EM findings, and typically, when immune complex GN is severe enough to cause crescents, 
demonstrates endocapillary hypercellularity by LM. 

+ Pauci-immane necrotizing crescentic glomerulonephritis (often ANCA [antineutrophil cyto- 
plasmic antibody] associated) has litle or no IF staining, and no significant deposits by EM, 
By LM, crescentc lesions tend to vary more in the stage of activity versus chronicity than in 
anti-GBM glomerulonephritis. 


ЕМ, Electron microscopy: GBM, glomerular basement membrane; IF immunofluorescence; LM, light 
microscopy. 
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Diseases Associated With the Nephritic Syndrome or RPG 
Antineutrophil Cytoplasmic Autoantibody (ANCA)-Associated 
Small-Vessel Vasculitis (Pauci-Immune- or Non-Immune- 
Mediated) 


INTRODUCTION 


Rapidly progressive glomerulonephritis is a variant of the acute nephritic syndrome in which patients 
initially present with acute glomerulonephritis associated with a rapid onset of severe acute renal failure. 
The onset ofthe disease is characterized by liguria advancing azotemia, proteinuria of varying amounts, 
hematuria with cellular casts, and hypertension, which is sometimes in the malignant range. The nephrotic 
syndrome is occasionally present. Extrarenal organ involvement is common. In a few patients, renal func- 


tion eventually stabilizes at an impaired level after several weeks, but in most patients, progression to 
end-stage renal insufficiency occurs. The clinical pathologic entity can be divided into three subgroups. 
These include patients with postinfectious immune complex glomerulonephritis of a severe nature and 
patients with an antibody to GBMs. These are discussed elsewhere in this atlas. The third group has been 
termed pauci-immune in that antibody deposition is not present and no definite relationship to a par- 
ticular antigen has been identified, although 80% of patients in this group have the presence ofan ANCA 
directed against either myeloperoxidase or proteinase 3 in their serum. Pauci-immune glomerulonephri- 
tis with positive serum ANCA encompasses four subgroups These include patients with renal involve- 
ment alone, patients with renal and systemic involvement by microscopic polyangiitis (MPA), patients 
‘with granulomatosis with polyangiitis (GPA; formerly called Wegener granulomatosis) (Fig. 3.321) and 
patients with eosinophilic granulomatosis with polyangitis(EGPA; formerly Churg- Strauss syndrome). 
"The light microscopic picture is similar in all three types of pathogenic mechanisms that cause crescents 
and are better characterized on the basis of immunofluorescence and electron microscopy. However, 
immune complex-related crescente disease typically shows mesangial or endocapillary hypercellularity, 
depending on the underlying condition, whereas the pauci-immune disease does not show significant 
hypercellularity of uninvolved glomeruli or segments thereof, 


Key Diagnostic Features of Pauci-lmmune Necrotizing Crescentic 


Glomerulonephritis 


= Glomerular necrosis, crescents 
+ Absence of endocapillary hypercellular lesions 
+ Absence of significant IF findings or EM deposit 
‘Note: Occasional IF positivity and EM densities may be found. 
EM, Electron microscopy, IF immunafluorescence. 


Differential Diagnosis of Pauci-Immune Necrotizing Crescentic 
Glomerulonephritis 


= Anti-GBM antibody- mediated glomerulonephritis is distinguished by linear anti-GBM stain- 
ing with IgG by IP 

^ Occasionally, subacute bacterial endocarditis may have limited deposits and it may be difficult 
to distinguish this lesion from antineutrophil cytoplasmic antibody (ANCA)-associated pauci- 
immune glomerulonephritis, Hump-type deposits, or dominant C3 and IgM by IF would favor 
subacute bacterial endocarditis- associated glomerulonephritis 


GBM, Glomerular basement membrane; IE immunafluorcscence. 
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MICROSCOPIC POLYANGIITIS (MPA) 


Microscopic polyangiti (MPA) is a pauci-immune necrotizing small-vessl vasculitis that affects pre- 
dominantly glomeruli, peripheral capillaries, venules, arterioles, and small arteries, and occasionally 
‘medium-sized arteries and veins. The disease can be systemic involving all organs or renal-limited. 
MPA isan ANCA-associated vaseulitisin which the ANCA is usually directed against myeloperoxidase. 
Renal involvement has glomerular lesions ranging from acute segmental proliferative lesions frequently 
‘with fibrinoid necrosis with crescents to chronic lesions with segmental sclerosis (Figs. 3.324, 3.325). 
Immunofluorescence microscopy reveals fibrin deposition and the absence of immunoglobulins 


FIG. 3324 Microscopic polyangitis Glomerulus with segmental area of necrosis with leukocytoclasia 
аута) A periglomerular infitrate af mononucear celis also present (hematoxylin and eosin, 1400} 


FIG. 3325 Microscopic polyangits. Glomerulus with global increase in mesangial cellularity and focal 
area of fibrinoid necrosis associated with a cellular crescent. Karyorrhexis and leukocytc infiltration 
are also present (hematoxylin and eosin, x400). 
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(Pig, 3.326). Masson trichrome stain is useful to distinguish between fibrinoid necrosis and sclerosis. 
Light microscopy of the acute vascular lesions have similar features in all vessels and are character 


ized by localized influx of neutrophils with leukocyloclastic fe 


ires, as well as vessel wall necrosis, 


ions progress to chronicity, the infil- 


often with accumulation of material containing fibrin. Аз t 
rate accumulates monocytes, macrophages, and lymphocytes that eventually become sclerotic (Fig 
3.327). An active tubulointerstitial nephritis frequently accompanies the glomerular involvement 


(Pig, 3.328). The combination of a segmental glomerulonephritis with an active interstitial nephritis is 


indicative of a systemic hypersensitivity алд, 


FIG. 3326 Microscopie polyangiitis. mmunoflucrescence microscopy demonstrates segmental and 
mesangial deposition of fibrinogen in the absence of immunoglobulins (+200). 


FIG. 3.327 Microscopic olyangitis. An active tubulointerstitial nephritis is frequently present with 
the glomerular lesions. There is a diffuse interstitial infiltrate of mononuclear cells and eosinophils 
associated with tubulitis (hematoxylin and eosin, x200). 
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GRANULOMATOSIS WITH POLYANGIITIS (WEGENER'S 
GRANULOMATOSIS) 

Light microscopy of granulomatosis with polyangiitis (GPA; also called Wegener’ granulomatosis) 
demonstrates the presence of a necrotizing glomerulonephritis accompanied with the presence of 
necrotizing granulomatous inflammation that can affect vessels or appear exclusively in extravascular 


FIG. 3328. Microscopic polyangits. A chronic glomerular lesion shows segmental sclerosis with a 
fibrocellular crescent and periglomerular fibrosis. The interstitial nephritis is stil active with numerous 
‘eosinophils (hematoxylin and eosin, 400). 


FIG. 3.329 Granulomatosi with polyangiits (Wegener). There is a diffuse interstitial infiltrate with 
marked tubular epithelial changes. An artery shows necrosis within the wall. The glomeruli show focal 
necrosis with adhesion and crescent formation (hematoxylin and eosin, x100). 
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tissue as an active tubule-interstitial nephritis (Figs. 3.329-3.331). GPA is an ANCA-astociated vascu- 
litis in which the ANCA is usually directed against proteinase 3. Vascular necrosis may also be present 
with a transmural vasculitis ( 33). Glomerular necrosis may be focal and segmental 
or diffuse and global (Figs. 3334, 3.335). Glomerular necrosis is uniformly accompanied by cres- 
cents, The crescents may be cellular or fibrous depending on the stage of evolution of the glomerular 


FIG. 3330 Granulomatosis with polyangits (Wegener). Two glomeruli demonstrate glomerular 
necrosis and crescents with dense inflammatory reaction extending into the interstitium with a 
granulomatous appearance (hematoxylin and eosin, x200). 


FIG. 3.331 Granulomatosis with polyangits Wegener) microscopic polyangitis. The interstitial 
inflammatory infiltrate consists of mononuclear cells and has an abundant eosinophilic component 
with tubulitis hematoxylin and eosin, x200). 
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FIG. 3.332 Granulomatoss with polyangiits Wegenerimicroscopic palyangits. Artery showing 
focal transmural necrosis extending into the interstitium with a granulomatous interstitial infiltrate 
(trichrome, x200). 


FIG. 3.333 Granulomatosis with polyangiitis Wegener}/microscopic palyangits. Artery with 
transmural necrosis involving the vessels cireumterentially with a significant inflammatory infiltrate 
with mixed polymorphonuclear leukocytes and mononuclear cells (hematoxylin and eosin, x200). 


lesion (Fig. 3.336). The crescents consist of accumulations of cells derived from the parietal epithelium 
and infiltrating monocytes in Bowmari space and they appear to be initiated by the deposition of 
fibrin across gaps or disruptive lesions of the glomerular capillary with extrusion of fibrin into Bow- 

amaris space. As the crescents mature, fibroblasts with collagen begin to replace the cells and become 
brocpithelial and finally fibrous crescents are formed. Segmental areas of necrosis of the glomerular. 
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FIG. 3334 Granulomatosis with polyangitis (Wegener)igranulomatosis'microscopic polyangiitis 
Glomerulus demonstrating focal and segmental necrosis with adhesion to Bowman's capsule and 
proliferation of parietal epithelium (hematoxylin phloxine saffron, x400). 


FIG. 3335 Granulomatosis with polyangitis (Wegener)microscopic polyangitis. A globally necrotic 
glomerulus with total obliteration of the architecture and infiltration with numerous leukocytes 
(hematoxylin and eosin, x400) 


capillaries are usually present as well as areas of glomerular capillary collapse and focal increases in 
mesangial matrix, The necrosis and inflammation may extend through Bowman capsule and form a 
granulomatous glomerulonephritis (Fig. 3.387). Of note, granulomas do not typically occur in the kid 
ney in GPA, but rather are present in bronchioles. Thus, MPA and GPA often appear identical in the 
kidney and must be distinguished based on clinical criteria, Inflammation and necrosis of arterioles 
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FIG. 3.336 Granulomatosis with polyangiits (Wegener/microscople polyangiitis. Trchrome stain 


demonstrates the residual portions of the glomerulus, and the entire Bowman's space is filled with 
proliferating epithelial cells and infiltrating monocytes (trichrome, «4D0) 


FIG. 3:337 Granulomatosis with polyangitis (Wegener)micrascopic polyangitis. A glomerulus with 
Global necrosis surrounded by a granulomatous inflammatory infiltrate (hematoxylin and sosin, x400) 


and venules may be present but is often not seen in the limited sampling present in renal biopsies, 
Involvement of larger arteries is more characteristic of classical polyarteritis nodosa (se later) 

By immunofluorescence, the findings are the same for MPA and GPA and are variable. No spe 
clic immunoglobulin deposition is identified by immunofluorescence microscopy. Complement 
components and fibrinogen may be present focally and are usually seen in association with the 
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FIG. 3338 Granulomatosis with polyangitis (Wegener)microscopic polyangitis.Immunofluorescence 
reveals that the crescent is associated with abundant fibrin deposition (antfibrin immunofluorescence, 
400) 


FIG. 3.339 Granulomatosis with polyangits (Wegener)microscopic polyangits. Fibrin deposition is 
also present in a segmental fashion in the capillaries (antifibrin immunofluorescence, x400), 


crescents (Figs, 3.338-3.340). This relative lack of immunoglobulin deposition has given rise to the 
term pauci-immune. 

Electron microscopy findings are also variable for both, Patients with pauci immune disease do not. 

с significant electron-dense deposits. In most instances, fibrin deposition is prominent and is 

often associated with breaks within the capillary wall and the basement membrane 


demonstra 
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FIG. 3.340 Granulomatosi with polyangits Wegener)imicroscopic polyangitis. Complement is also 
occasionally seen in association with necrosis and fibrin deposition (ant: C3 immunafluorescence, 400) 


FIG. 3341 Granulomatess with polyangiltis Wegener}microscopic polyangiitis. Electron microscopy 
reveals the crescent to consist of a variety of cell types including menenucear cells and epithelial cells 
(transmission electron microscopy, 000 

Ta view this electron micrograph with color coded overlays explaining each component, please visit 
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FIG. 3342 Granulomatosis with polyangitis (Wegenerymicroscopic polyangitis. Abundant fibrin 
tactoids are also interspersed with the celis of the crescent (transmission electron microscopy, 3000 


FIG. 3343 Granulomatosis with polyangitis (Wegener)microscopic polyangitis. There is endothelial 
cell swelling associated with accumulation of fibrin within the capillary lumen, and numerous 
leukocytes аге also present (transmission electron microscopy, +3000) 
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Electron microscopy is also helpful in separating primary forms of erescentic glomerulonephrtis from 
the miscellaneous immune complex-associated diseases described elsewhere, which also can display 
crescents by light microscopy 


Etiology/Pathogenesis 
"The role of ANCA in the pathogenesis of glomerulonephritis is still incompletely understood. In vivo 
and in vitro studies indicate that the pathogenesis of ANCA-associated glomerulonephritis involves 
activation of neutrophils and monocytes via the binding of ANCA to target antigens on or near the 
surface of neutrophils and monocytes. Experimental studies in mice have produced lesions similar to 
those in humans by injection of anti-myeloperoxidase IgG alone in immune-defcient animals. The 
most convincing evidence is the clinical association of these antibodies with crescenticglamerulane- 
phritis and small vessel vasculitis 
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EOSINOPHILIC GRANULOMATOSIS WITH POLYANGIITIS 
(CHURG-STRAUSS SYNDROME) 


Eosinophilic granulomatosis with polyangitis (EGPA), formerly named Chorg-Strauss syndrome, 
is a rare systemic small- and medium-sized-vessel vasculitis, which distinguishes itself from other 
small-vessel vasculitis by the presence of severe asthma, and blood and tissue eosinophilia, Clinically, 
patients often have pulmonary-renal syndrome or only rapidly progressive glomerulonephritis. Renal 
lesions are similar but tend to be milder than those seen in (GPA) granulomatosis with polyangitis or 
(MPA) microscopic polyangiitis. Glomeruli may also show varying mesangial proliferation, and there 


тау not even be a crescentic component. There are no immune completes by either immunofluo- 
rescence or electron microscopy. Despite the eosinophilia, there may not be prominent eosinophils 
in the renal interstitial inflammatory infiltrate, and indeed, this finding is not a required criterion to 
make the diagnosis of EGPA, Specific diagnosis rests on clinical presentation in addition to patho- 
logic criteria. 


Etiology/Pathogenesis 
‘The etiology is unknown. ANCAs when present are anti-myeloperaxidase and are detected in about 
40-60% of patients and are Frequently associated with high IgE titers. The presence of allergic rhi 
nitis, asthma, postive skin tests, and eosinophilia suggests hypersensitivity with heightened Th2 
immunity. 
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POLYARTERITIS NODOSA 


Polyarteritis nodosa (PAN) is a rare disease that primarily affects medium-size arteries with "blow- 
out” pseudoancurysmal, vasculitic lesions, that give rise to the nodose appearance of these vessels. 
Small vessels including arterioles, capillaries, and venules are usually not involved. Organs affected 
include the heart, liver, kidney, and mesenteric arteries, Radiographic studies show typical beaded 
appearance of arteries. ANCAS are typically negative and there are no specific Laboratory findings for 
PAN. In the kidney, large vessels show a transmural vasculitis (Figs. 3.344, 3:45). Glomeruli are not 
affected. There are no immune complexes by immunofluorescence or electron microscopy. There are 
associated hemorrhagic infarcts related to the large vessel lesions 


FIG. 3.344 Polyarteritis nodosa. Periarteritis involving an intrarenal artery. There is a transmural 
inflammatory infiltrate, which extends into the interstitium (trichrome, x200). 


FIG. 3345 Polyartertis nodosa. Periarteritis involving a main renal artery. There is a transmural 
inflammatory infiltrate, which extends into the adventitia (hematoxylin and eosin, x400). 
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Etiology/Pathogenesis 
PAN has been associated with illicit drug exposure, hepatitis B infection, and chronic infectious dis- 
eases, The precise etiology is not known. 


Selected Reading 

Jennette, |, Falk, RJ, 2007. Nosology of primary vasculitis. Current Opinion in Rheumatology 19, 10-16. 
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ALPORT SYNDROME 


Classic Alport syndrome is inherited in an X-linked dominant pattern and is the most common form of 
Alport syndrome (85% of cases). Rare autosomal forms exist. The common underlying defect is an inability 
to form the a3, 45 (IV) collagen heterotrimer The X-linked form is due to mutation of alpha 5 type IV col 
Jagen. The overall incidence of Alport syndrome in the USA is between 1:5000 and 1:10,000, Hematuria is 
‘the initial renal presentation of disease in childhood, although some proteinuria may also be present. Other 
manifestations of Alport syndrome in affected men include hearing loss and ocular defects. The organs 
affected reflect the sites where the 3, 45 (IV) collagen is critical for function (see later). Diminished hear- 
ingis detected in late childhood, and gradual deafness develops in about 55% of adult males. Ocular defects 
occur in up to one-third of patients. Anterior lenticonus is the most common eye defect. Nephrotic syn- 
drome may develop in as many as 30-40% of patients with severe disease because of more extensive abnor- 
malit of the mutated type IV collagen. Chronic kidney disease develops in 30-40% of patients. Female 
carriers of X-linked classic Alport syndrome have hematuria and may develop progressive renal disease. 
Males and females both can develop chronic kidney disease when Alport syndrome is caused by rare auto- 
somal mutations of type IV collagen genes (alpha 3 or 4 type IV collagen chains, see later). 
Light microscopy is unremarkable in the carly stage in males with X-linked disease, and in 
carrier females (Fig. 3.346). At later stages, secondary, nonspecific glomerulosclerosis, interstitial 
inked disease, or in 


fibrosis, and prominent interstitial foam cells are typical in males with ХА 


FIG. 3346 Alport syndrome. The glomerular basement membrane irregularities in Alport syndrome. 
are not detectable by light microscopy. Early їп the course, the glomeruli may be unremarkable. In this 
‘case, there is early periglomerular fibrosis (Jones silver stain, x200) 


DISEASES WITH ABNORMAL BASEMENT MEMBRANES 


either gender with autosomal disease. These foam cells are not specific for this disease and are 
found in numerous proteimuric states, and are a response to the long duration of proteinuria, even 
when not nephrotic. 

Standard immunofluorescence may show only nonspecific trapping of IgM. Immunofluorescence 
for type IV collagen molecules in either skin or kidney biopsy is useful for diagnosis (Figs. 3.347- 
3,351). Type IV collagen organizes in helerotrimers composed of various combinations of alpha 1-6 
collagen chains. The epidermal basement membrane normally contains alpha 1, alpha 2, alpha 
alpha 6 (IV) collagen, but not alpha 3 or alpha 4 (IV) collagen. Skin biopsy staining to demonstrate 
the absence of alpha 5 (IV) collagen has therefore heen suggested as а tool to distinguish patients with 
X-linked Alport syndrome from those with other causes of hematuria, In the kidney, the GBM con- 
tains alpha 3,4, 5 (IV) heterotrimers, while Bowman's capsule and the distal tubule contain alpha 1, 1, 
2and 5, 5, 6heterotrimers. In kidney biopsies, about 70-80% of males with X-linked Alport syndrome 
lack staining of GBM, distal tubular basement membrane, and Bowman's capsule for alpha 5 (IV) 
chains, Alpha 3 and alpha 4 (IV) collagen staining is also la 
Alport syndrome, because the molecular defect in alpha 5 (IV) coll 


and 


king in the GBM in patients with cassie 

еп results in defective incorpo- 
ration ofthe alpha 3 and alpha 4 chains, Retained immunostaining for alpha 3 (IV) chains has been 
isi in patients with X-linked Alport syndrome, perhaps due 
to a truncated, partially functional protein rather than complete absence of alpha 5 (IV) collagen. In 
autosomal recessive Alport, the kidney GBMs also show no expression of alpha 3, 4, or 5 (IV) collagen, 
because a defect in any one of the molecules of the heterotrimer prevents it formation. 


suggested to correlate with better prog 


However, in contrast to X-linked cases, autosomal recessive cases show strong expression of alpha. 


5 in Bowman's capsule, distal tubul 


lar basement membrane, and skin, reflecting the normal incorpora 
еп in the alpi 

membranes, Female heterozygotes for X-linked Alport syndrome frequently show mosaic staining of 

GBM and distal tubular basement membranes for alpha 3, alpha 4, and alpha 5 (IV) chains, and skin 

mosaic staining for alpha 5 (IV) (Fig. 3. 

studied immunohistochemically 


tion of the nonmutated alpha 5 (IV) coll 5, 5,6 (IV) heterotrimers of these basement 


1). Patients with autosomal domina not been 


Alport 


FIG. 3347 Normal kidney immunofluorescence for alpha 5 (М) collagen. The normal control tissue 
shows strong, continuous staining for alpha 5 type IV collagen of the glomerular basement membrane 
and focal tubular basement membranes, and Bowman's capsule (anti-alpha S type V collagen. 
mmunofluorescence, x200). 
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FIG. 3348 Autosomal recessive Alport syndrome. In autosomal recessive Alport, there is a mutation 

of alpha 3 or alpha 4 type IV collagen, and thus the normal alpha 3,4,5 heterotrimer of the glomerular 

basement membrane is not formed, and there is no staining for alpha 5 type IV collagen in the 

glomerular basement membrane. However, because alpha 5 (IV) collagen is not itself mutated, it is still 

‘expressed as part of the alpha 5,5,6 heteroirimers in Bowman's capsule and in some tubular baser 
+200), 


membranes (arrows) (anti-alpha 5 type IV collagen immunofluoresce 


FIG. 3349 Normal kidney immunofluorescence for alpha 3 (WV) collagen. The normal control tissue 
shows strong, continuous staining for alpha 3 type IV collagen of the glomerular basement membrane 
alpha 3 type IV collagen Immunafluorescence, 200) 


and focal tubular basement membrane (anti 
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FIG. 3.350 Autosomal recessive Alport syndrome, In autosomal recessive Alport, there i a mutation 
of alpha 3 or alpha type I collagen, and thus the normal alpha 3,45 heterotrimer of the glomerular 
basement membrane is not formed, and there is no staining for alpha 3 type IV collagen in the 
glomerular basement membrane. Because alpha 3 (IV) collagen is mutated, it is also not expressed or 
Stained elsewhere (anti-alpha 3 type IV collagen immunofluorescence, 200) 


М) collagen is present along the glomerular 


FIG. 3351 Alport syndrome. Mosaic staining for alpha 5 ( 
basement membrane, strongly supporting a heterozygous carrier tate of X-linked Alport syndrome. 
By electron microscopy, this female patient showed only diffuse thinning of the glomerular basement 


membrane (anti-alpha 5 (уре IV) collagen immunofluorescence, x400). 
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Thus, the coabsence of alpha 3 and alpha 5 (IV) collagen in the GBM is a major diagnostic clue to the 
diagnosis of Alport syndrome. As alpha 3 or alpha 4 (IV) collagens are not normally expressed in the skin, 
autosomal recessive Alport cannot be diagnosed by this approach. However, the sensitivity and specificity 
of skin ог renal biopsy immunoluorescence studies in the diagnosis of Alport syndrome have not been 
proven, and occasional patients with Alport syndrome clinically and by renal biopsy showed normal 
alpha S (IV) collagen pattern of skin or kidney immunofluorescence staining, About 20% of male classic 
Alport patients and affected homozygous autosomal recessive Alport patients show faint or even normal 
staining of the GBM for alpha 3 and alpha 5 (IV) collagen. This is thought to reflect a mutation that still 
leaves intact the epitope recognized by the commercially available antibodies. Thus, an apparent normal 
staining pattern in either skin or kidney does not definitively rule out Alport syndrome, 

By electron microscopy, the diagnostic lesion in established Alport consists of irregular thinned 
and thickened areas of the GBMs with splitting and irregular multilaminated appearance of the lamina 
densa, with thin fibrils amid irregular lucent thickened areas of the lamina densa, with short stubs 
of fibrils at right angles to the GBM, resulting in a "basket weaving” pattern (Figs. 1352-3355). In 
between these lamina, granular, mottled material is present. At early stages of discas, that is, in chil- 
dren or carriers, the basement membrane shows only thinning rather than thickening (Figs. 3.352- 
3.354). Of note, some kindreds with typical Alport syndrome clinically have only manifested basement 
membrane thinning as a morphologic change, even at advanced stages, Ultrastructural features do not 
strictly correlate with type of mutation, in that some patients with major gene rearrangements had 
no significant lesions, and varying ultrastructural abnormalities were present even within the same 
kindred. Thus, normal thickness and appearance GBM by electron microscopy without areas of thin 
ning and/or basket weaving rules out Alport. Thin GBM may represent the early stage of Alport in 
an affected patient, Alport carrier female for X-linked Alport, or so-called benign familial hematuria 
(most are carriers for autosomal recessive Alport, see later). 


FIG. 3.352 Alport syndrome. The definitive diagnosis of Alport syndrome is made by electron 
microscopy. Early in the course, there is only thinning of the glomerular basement membrane (GBM) 
Later additional GEM changes develop, including segments of irregular thickening due to a loose, 
mottled, so-called basket-weaving appearance of the glomerular basement membrane. There is only 
minimal effacement of the overlying foot processes (transmission electron microscopy, +3000), 
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with a loose, basket-moven appearance. The overlying foot processes are blunted and partially effaced 
(transmission electron microscopy, «17,125 


FIG. 3.354 Alport syndrome. Alternating areas of extreme thinning of the glomerular basement 
membrane (-120 пт) with thik, irregular areas with basket weaving are shown (transmission electron 
microscopy, 7000) 


2 


4 


FIG. 3355 Alport syndrome. The irregular mottled appearance of the basket-weaving lesion is 
illustrated. There аге no immune deposits, and overlying foot processes are only partially effaced. 
The lamellated appearance is highly characteristic of Alport syndrome, but may be seen to very minor 
degree in small areas in other scarring conditions (transmission electron microscopy, 9790) 


FIG. 3.356 Alport syndrome. In some patients with Alport syndrome receiving a transplant, there is 
an antibody response to the normal type IV collagen of the transplanted kidney resulting in anti 
glomerular basement membrane (GEM) antibody-mediated glamerulonephritis with linear staining 
for IgG by immunofluorescence, as in this case (anti-IgG immunofluorescence, x400) 


Etiology/Pathogenesis 


The alpha 5 (IV) collagen chain (COL4A5) gene is mutated in classic, X-linked Alport syndrome. R 
mutations of alpha 3 or alpha 4 type IV collagen genes (COL4A3 ог COLAAS) cause autosomal reces- 


sive Alport syndrome, or very rarely autosomal dominant Alport syndrome, 
The organs involved reflect sites where these collagen chains are normally highly expressed and are 
pha 5 (IV) collag 


ne =n chains are normally 


essary for function and structure. Alpha 3, alpha 4, anc 
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16.3357 Alport syndrome. The ant-glomerular basement membrane (GBM) antibody developing 
against the transplant in some patients with Alport may also eros react with tubular basement 
membranes, and thus give rise ta a tubulitis. This tubulitis must be distinguished fram acute rejection, 
by correlating with glomerular findings and clinical course (ant-gG immunofluorescence, 0). 


highly expressed in the kidney, lens of the eye, and с e ear and 


ganize as the alpha 3,4, 


5 (IV) heterotrimer of the GBM. The abnormal alpha 5 (IV) coll 


n prevents incorporation of alpha 
3 (IV) and alpha 4 (IV) into these hetetotrimers, In situ hybridization and immunostaining reveal 
normal mRNA transcription of COL4A3 and COLA 


4 and normal alpha 3 (IV) staining in podocytes 
in Alport patients, implicating events downstream to transcription, RNA processing, and protein syn 
ining in X-linked Alport patients. 
Each Alport kindred reported thus far has presented Из own unique mutation. The rate of pro- 
gression to end stage and deafness are mutation dependent. Large deletions, nonsense mutations 
changed the reading fr 
disease before age 30 years in affected males with X-linked Alport, with only 5 


or mutations th were associated with 90% risk of end-st 


k for patients 


with missense 


ıd 70% risk for those with splice site mutations. Risk for hearing loss before age 


30 years was 60% in patients with missense mutations versus 90% all other mutation 


Transplantation in patients with Alport syndrome has shed additional light on the molecular basis 


for this disease. Some patients with Alport receiving kidney transplants, probably about 5%-10% 
develop an 
cross-react with the tubular basement membran 
anti-GBM disease appears more freq 
gene. The antibody binding results in a necrotizing, crescentic lesion, usually resulting in loss of 


ibodies to the normal GBM in the transplant (see Fig, 3.356). These antibodies may 
isplant. 


3.357). Occurrence of this post 


тї in patients with more extensive deletion of the COLAAS 


4-weaving appearance of glomerular basement membrane by electron microscopy 
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FIG. 3358 Alport syndrome. Early in the course of anti-giamerular basement membrane (GEM) 
antibody-mediated glomerulonephritis occurring in the Alport patient posttransplant, there 

тау only be subtle, very early segmental fibrinoid necrosis and glomerular basement membrane 
breaks as shown here. Immunofluorescence is key in evaluating this lesion and making the correct 
diagnosis (see Figs. 3.356 and 3.357) Jones silver stain, x400). 


а 5S 
FIG. 3359 Alport syndrome. The early necrotizing lesion shown in Figure 3.358 does, with time, 
give rise to a frank crescenticglomerulonephritis, associated with linear immunofluorescence, as 
In this case (ones silver stain, x200). 
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Differential Diagnosis of Alport Syndrom 


^ Consideration of a morphologic diagnosis of thin GBMs and its differential requires that 
extensive thinning must be present, that is, greater than 50% of GBM. 
^ Thin GBMs are found carly in Alport or in carriers of Alport, and might also be seen in benign 
familial hematuria. Some of these patients are carriers for autosomal recessive Alport, and 
clinically manifest so-called benign familial hematuria. 
^ Differential of irregular, possible basket-weaving appearance of GBM 
+ Irregular areas of GBMs may also be sen in, for example, chronic immune complex diseases due 
to resorbed deposits in patients with Frasier syndrome and in patients with Pierson syndrome. 
^ Chronic immune complex disease with resorbed immune deposits may be distinguished 
from Alport by immuanofluorescence positivity for deposits or clinical history 
^ Frasier syndrome, due to WI-1 mutation, presents with FSGS lesions and may have ir- 
regular basket-weaving appearance of GBMs, but is distinguished from Alport by normal 
collagen IV staining. Pierson syndrome, due to laminin beta 2 (LAMA2) mutation, typically 
has associated systemic abnormalities (microcoria), and shows normal collagen IV staining, 
but abnormally decreased or lacking laminin beta 2 staining, with unusual irregular blebs 
on the outer aspect of the GBM by electron microscopy. 


GBM, Glomerular basement membrane, 
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THIN BASEMENT MEMBRANE LESIONS 


Thin GBMs underlie the condition of benign familial hematuria” in most kindreds. This term has been 
used to distinguish these families from Alport syndrome since affected individuals have been thought 
to hase a benign prognosis. However, morphology alone does not allow one to make specific prognos- 
tic inferences. Kindreds may show autosomal dominant or apparent autosomal recessive inheritance: 
many are carriers of autosomal recessive Alport (see later). The clinical manifestation is that of hematuria, 
ther macroscopic or microscopic, intermittent or continuous. This lesion is common and is present in 


20-25% of patients biopsied for persistent isolated hematuria in some series. The lesion may also coexist 
‘with other glomerular diseases, commonly diabetic nephropathy changes (alternating very thin and thick 
GBM), ar IgA nephropathy. Occasionally patients with thin basement membranes have nephrotic range 
proteinuria, with five of eight reported cases in one series showing superimposed FSGS lesions. 

Light microscopy shows no specific lesion, and standard immunofluorescence studies are nega- 
tive (Pigs. 3.360, 3-361). The diagnosis of thin basement membranes is thus based on morphometric 


FIG. 3.360 Thin basement membrane lesion. There are no light microscopic abnormalities in thin 
basement membrane lesion. This lesion is common, and may therefore be found in addition to 
other diseases, such as ДА nephropathy ar diabetic nephropathy When occurring with diabetic 
nephropathy, there are alternate segments of thick and very thin glomerular basement membrane 
with very sudden transition (ones silver stain, x100). 


FIG. 3361 Thin basement membrane lesion. The thin glomerular basement membrane cannot be 
detected by light microscopic examination (Jones silver stain, x200). 
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measurements from electron microscopic examination, revealing marked and extensive thinning of 
the lamina densa of the GBMs (Figs. 3.362, 3.363). Thinning should involve most loops to consider 
this diagnosis, as small segmental areas of thinning are nonspecific and nondiagnostic, Diagnosis of 
thinning must he made by comparison to age-matched controls, because the GBM thickness normally 
increases with age, Normal thickness in adults in one series was 373 + 42 am in men versus 326 £ 
45 nm in women. Glomerular basement membrane thickness «250 nm has been used as a cutoff in 
many series. In children, the diagnosis of thin basement membranes must be made with special care, 
establishing normal age-matched controls within each laboratory. In our laboratory, we found a range 
of GEM thickness in normal children from approximately 110 nm at age 1 year to 222 + 14 nm in 
-year-olds 


3362 Thin basement membrane lesion. When thin basement membranes are associated with 
benign familial hematuria, a carrier state of Alport or early in the course of Alport, the lesion is 
diffuse and global. Very segmental areas of thinning may occur nonspecifically even in normal kidneys 
(transmission electron microscopy, x3750). 


363 Thin basement membrane lesion. Diagnosis of thin basement membrane is made specifically 
by measurements of the electron microscopic images and must be compared with the narmal for age, 

as glomerular basement membrane (GBM) thickness normally increases from childhood to adulthood. 
However, the relative thickness of the base of the intact foot process versus the GBM gives an approximate 
guide to the GEM thickness. In the aduk, the normal GEM is 2-3 times the thickness of the base of the 
normal foot process of the podocyte (transmision electron microscopy, 120250). 
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Etiology/Pathogenesis 
Mutation of the a4 or a3 type IV collagen gene segregates with hematuria in many patients with 
"benign familial hematuria” One patient described had electron microscopic changes typical of Alport 
syndrome by renal biopsy at age 5 years, that is, areas of lamellation alternating with arcas of thinning- 
"This boys parents both had microscopic hematuria and family histories of benign hematuria without 
progression in any members. In contrast, the boy developed proteinuria at age 16 years. This patient 
likely inherited one mutant allele from each parent, resulting in full-blown Alport syndrome. Thus, 
carriers of autosomal recessive Alport syndrome with mutation in one allele of either COL4A4 or 
CCOLSAS present clinically as "benign familial hematuria/thin basement membrane disease” In con- 

trast, patients with homozygosity or compound heterozygosity for mutations in the « or ad chains 
develop Alport syndrome, 

Furthermore, benign familial hematuria may not be entirely benign, Some patients with thin base- 
ment membranes on renal biopsies showed increased global sclerosis, and later increased Һурепеп- 
sion and late onset of renal insufficiency: However, these patients were not defined molecularly and 
жете presumed to not have Alport based on absence of hearing or eye abnormalities, Renal disease 
also developed over the follow-up in some relatives. It is possible that a second process, such as arte- 
rionephroscleress, was also present in these families, or that this represents a part of a continuum of 
basement membrane abnormalities. These observations further reiterate that the finding of thin base- 
ment membranes alone does not allow опе to predict a “benign” process 
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NAIL-PATELLA SYNDROME 


[Nail-patella syndrome is inherited in autosomal dominant fashion, and occurs in approximately 
22/1,000,000. Patients show hypoplastic or absent patellae, dystrophic fingernails and toenails, and 
abnormalities of bones in the elbow and iliac horns, Additional abnormalities include vasomotor 
and neurologic disturbances. Renal disease occurs in less than one-half of affected patients and is 
quite variable, even within а given kindred. End-stage renal disease develops in approximately 10% of 
patients only Һа of these patients manifest proteinuria, microhematuria, edema, and hypertension. 
"The disease has not been reported to recur in the transplant. 

"The light microscopic appearance is normal at early stages, with glomerulosclerosis developing as 
disease advances, with associated tubulointerstitial fibrosis. Immunofluorescence studies do not show 
immune complexes. The renal biopsy diagnosis is made at the ultrastructural level. Glomerular base- 
ment membranes are thickened with irregular lucent areas with intervening clear zones and rarefied 
areas, resulting in a moth-eaten appearance, Some areas contain coarse fibrils that appear like cres 
banded collagen (Fig, 3.364). Collagen fibrils аге usually in the mid portion of the GBM but may occa- 
sionally be present in the subepithelial or subendothelial area, and rarely in the mesangium. Staining 
with phosphotungstic acid enhances these collagen bundles. 


Etiology/Pathogenesis 
"The gene mutated in nail-patella syndrome, LMX1B on chromosome 9, encodes a LIM-homeodomain 
transcription factor. Mice null-mutated for the LMXIB gene develop a phenotype remarkably similar 
to human nail-patella syndrome, and have markedly decreased a3 and a collagen type IV expression 
in their GBM. These knockout mice also have abnormal podocytes lacking typical slit diaphragms 
CD2AP and podocin—two key components of the slit diaphragm—were markedly reduced, although 
other podocyte genes such as those coding for nephrin, synaptopodin, ZO1, alpha-3 integrin, and 
specific laminins were preserved. Thus, the LMXI gene product plays an integral part in foot process 
development and integrity. pointing to important interactions of the podocyte and the underlying 
GBM. Understanding of the correlation between aspects of the phenotype and specific mutations are 
emerging: family history of nephropathy and mutation af the homeodomain of the gene are both asso- 
ciated with higher risk of renal disease in an individual with this syndrome, 


ў 4 ^ n 


FIG. 3364 Nail patella syndrome. Light microscopy is nonspecific, and the diagnosis is made by electron 
microscopy which shows mottled, moth-eaten areas of the glomerular basement membrane, and 
banded collagen within the glomerular basement membrane (transmission electron microscopy, «8000). 
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Key Diagnostic Features of Nail-Patella Syndrom: 


= Mottled, moth-eaten areas of glomerular basement membrane 
+ Banded collagen. 
Note: Occasional banded collagen may be associated with glomeruloslerosis in any condition, 
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SUBACUTE BACTERIAL ENDOCARDITIS 


Subacute bacterial endocarditis (SBE) may result in glomerulonephritis regardless of the causative 
organisms (eg, Streptococcus viridans, enterococci, Streptococcus aureus). Patients have hematuria and 
proteinuria and may occasionally have acute nephritie or nephrotic syndrome. There is often associ- 
ated hypocomplementemia, fever, rash, weakness, and enlarged spleen. 

By light microscopy, there is typically a focal segmental proliferative glomerulonephritis, often 
with crescents (Figs. 3.365-3.369), In same patients, there may be more diffuse and global endocap 
illary hypercellularity, or minimal proliferation with a crescentic necrotizing lesion dominating. 
Crescents often occur along with the proliferative, hypercellular lesions (Fig. 3.370). Infiltrating 
cells are typically monocytes/macrophages, rather than PMNs as seen in acute postinfectious glo- 
merulonephritis or shunt nephritis. Segmental thrombosis and necrosis may also be present, and. 
with chronicity organize as segmental scars and adhesions. There is proportional tubulointersti 
tial fibrosis, Vessels do not show any specific lesions, By immunofluorescence, there are diffuse 
mesangial granular deposits of IgG, IgM, and C3, with rare other components (Figs. 3.371, 3.372). 
IgM dominance is typical in those cases with minimal proliferation. In staphylacoceus-associated. 
endocarditis, IgA may be present, Endocapillary hypercellularity is associated with peripheral 
loop deposits Electron microscopy shows the presence of mesangial deposits with subendothelial 
deposits in those patients with endocapillary bypercellularty (Figs. 3.373, 3.374). Rare subepithe 
lial humps may be present. 


FIG. 3.365 Subacute bacterial endocardits-assocated glomerulonephritis. There is focal segmental 
proliferative glomerulonephritis, often with crescents, with predominant mesangial deposits and 
Оссайопа! subendothelial deposits associated with endocapillary hypereellularity, with only rare 
subepithelial deposits 


FIG. 3.366 Subacute bacterial endocarditis-associated glomerulonephritis. Kidney lesions may result 
from embolization of portions of the valve vegetations, resulting in multiple infarcts due to occlusion 
of interlobular arteries and arterioles. 


CHAPTER 3 GLOMERULAR DISEASES 


FIG. 3.367 Subacute bacterial endocarditis associated glomerulonephrits. The glomeruli in subacute 
bacterial endocarditis show bypercellularity, often with a membranopraliferative patter, but in a 
focal and segmental distribution. There is often coexistence of segmental sclerosis. This glomerulus 
shows widespread glomerular basement membrane duplication and only rare polymorphonuclear 
leukocytes (Jones silver stain, x400) 


FIG. 3.368 Subacute bacterial endocarditis-associated glomerulonephriis. A global proliferative 
pattern is present in this glomerulus, with scattered polymorphonutlear leukocytes (same case as 
Figure 3.367, Jones silver stain, x400) 
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FIG. 3.369 Subacute bacterial endocarditis-assocated glomerulonephritis. Crescents are often 
associated with proliferative lesion of subacute bacterial endocarditis, This glomerulus shows 
segmental proliferation and sclerosis with an associated fibrocellular crescent (ones silver stain, x400). 


valve lesion is not successfully treated, lesions may progress. In this case (same case аз Figure 3.267), 
the patient became septicemic and died weeks after renal biopsy. At autopsy, there was a diffuse 
proliferative glomerulonephritis with numerous polymorphonuclear leukocytes (Jones silver stain, 
400) 
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FIG. 3371 Subacute bacterial endocarditis-associated glomerulonephritis. Immunofluorescence 
shows chunky deposits in the mesangial area, frequently extending to capillary loops, corresponding 
te subendothelial deposits in the diffuse, membranopralifeative forms of subacute bacterial 
endocarditi-asociated glomerulonephritis. Deposits typically stain with Ig, IgM, C3, and Cia, 

This glomerulus (same case аз Figure 3.267) shows typical segmental accentuation of staining with 


mesangial and peripheral capillary loop deposits (antiigG immunofluorescence, x200) 


372 Subacute bacterial endocarditis associated glomerulonephritis. Chunky peripheral 
loop and mesangial deposits are evident in this case of subacute bacterial endocarditsrelated 
lemerulonephrits The smooth outer contours of some of the peripheral loop deposits correspond to 
their subendothelial location (ant immunofluorescence, x400) 
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FIG. 3:373 Subacute bacterial endocardits-associated glomerulonephritis. There is diffuse 
endocapillary hypercellularity and scattered mesangial and small subendathelal deposits. The lumens 
эге filed with proliferating monocytes and occasional polymorphonuclear leukocytes along with 
resident endothelial and mesangial celis transmission electron microscopy, x3000). 


FIG. 3374 Subacute bacterial endocarditis-associated glomerulanephrits. Scattered small to medium 


mesangial deposits are seen underneath the paramesangjal glomerular basement membrane (transmision 
electron microscopy 14,00). 


Although renal cortical infarcts may occur because of emboli from the valve lesions, these do not play 
a role in the pathogenesis of the glomerulonephriti (se Fig, 3366). Patients with glomerulonepheitis 
associated with SBE typically have circulating immune complexes that deposit in the kidney. Early 
lesions may resolve if the infection is eradicated with appropriate antibiotic treatment. Most cases now 
encountered occur in intravenous drug abusers. 
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Key Diagnostic Features of Subacute Bacterial Endocarditis-Associated 


Glomerulonephritis 


= Variable proliferation/hypercellularity by light microscopy, + crescents 
+ Variable immunoiluorescence positivity IgG/lgM/IgA and C3 mesangial and occasionally 
subendothelial deposits by electron microscopy 


Differential Diagnosis of Subacute Bacterial Endocarditis-Associated 
Glomerulonephritis 


‘+ The proliferative form docs not show specific morphologic features to distinguish it from glo- 
merulonephritis caused by other chronic infections 

+ Unlike typical psttreptococcal postinfectious glomerulonephritis, subepithelial deposits are rare. 

+ In cases with more limited deposits, И may be difficult to distinguish this lesion from antineutro- 
phil cytoplasmic antibody (ANCA -associated pauci-immune glomerulonephritis presence of 
bumps, strong СЭЛЕМ suggest subacute bacterial endocarditis-associated glomerulonephritis 
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SHUNT NEPHRITIS 


Patients with nephritis due to infected shunts usually have coagulation-negative staphylococcus (S. epi- 
dermis) infection. Deep visceral abscesses may give rise toa similar glomerulonephritis, Rarely: other 


bacteria may be involved, Patients typically exhibit anorexia, anemia, malaise, and fever, resulting from. 
transient bacteremia. There may also be skin manifestations with purpura, arthralgias, hepatospleno- 
megaly and lymphadenopathy. Renal signs include marked proteinuria, with more than half exhibiting 
nephrotic syndrome, with hematuria and edema. 

By light microscopy, there is a diffuse proliferative glomerulonephritis that may show membrano- 
proliferative features, with mesangial and endocapillary proliferation/hypercellularity and GBM split- 
ting (Pigs. 3.375, 3.376). There are frequent intraglomerular PMNs (Figs. 3.377, 3.378). Pure mesangial 
proliferation is less common (Fig, 3.379). In some patients, there is only focal segmental endocapil- 
lary proliferation/hypercellularity. Crescents are not uncommon (Fig. 3.380). By immunofluorescence, 
there is coarse, chunky, prominent C3 and also С1 and C4 deposits, in addition to IgG and IgM (Figs. 
3381, 3.382). Deposits are present only in the mesangium in about half of patients, with some showing 
peripheral loop deposits corresponding to the common proliferative pattern found by light micros 
copy. When IgM is predominant, the possibility ofa cryoglobulinemic response to the infection should 


be considered. By electron microscopy, the deposits most frequently are localized in the mesangial 
and subendothelial areas, with rare intramembranous and subepithelial deposits (Figs. 3382-3385). 
Duplication of the GBM due to cellular interposition and subendothelial deposits is present. 


Etiology/Pathogenesis 
This glomerulonephritis may develop when ventriculoperitoneal, portocaval, or other shunts become 
infected—most commonly with Streptococcus epidermidis, although other bacteria may also cause 
shunt nephritis, The nephritis is related to immune complex deposition, with marked activation of the 
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FIG. 3.377 Shunt nephritis. A predominant lobular pattern with numerous mononuclear calls and 
polymorphonuclear leukocytes is present in this case of shunt nephritis (hematoxylin and eosin, 200) 


FIG. 3.378 Shunt nephritis- The marked lobular appearance is due to endocapillary hypercelluarity 
with infiltrating mononuclear cells, including macrophages, and frequent polymorphonuclear 
leukocytes in addition to proliferating mesangial cells. There is interposition and duplication of the 
peripheral capillary wall better seen on silver stain (hematoxylin and eosin, x400) 
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FIG. 3379 Shunt nephritis. In some cases of shunt nephritis, there is only mesangial proliferation, with 


corresponding predominance of mesangial deposits by immunofluorescence and electron microscopy 
ones silver stain, x200). 


FIG. 3380 Shunt nephritis. Crescents are occasionally present, particularly associated with 
endocapillary hypercellularity. The underlying glomerulus shows endocapillary hypercellularity with 
frequent polymorphonuclear leukocytes, and segmental duplication of the capillary wall (Jones silver 
stain, x400). 
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FIG. 3381 Shunt nephritis. By immunofluorescence, there are chunky granular deposits of IgG, with 
very predominant C3 in mesangial areas and extending in an irregular, segmental distribution to 
peripheral loops (ant-igG immunofluorescence, x400) 


FIG. 3382 Shunt nephritis. C3 is often very prominent in shunt nephritis, with chunky mesangial 
and peripheral loop deposits (same case as ) There is strong, chunky to 
granular mesangial staining with segmental irregular chunky peripheral loop staining (anti C3 
immunofluorescence, x400). 
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нс. 3383 Shunt nephritis. Marked endocapilary hypercelulariy fils up the capilar lumen, with 
rare, scattered small mesangial, subendathelial, and small intramembranous deposits (transmission 
electron microscopy, 2000) 

To view this electron micrograph with color coded overlays explaining each component, please visit 
ExpertConsult com. 


Fe. 3384 shunt перон There may rarely be subepithelial or inamembranous deposits. тулса 
hhump-shaped deposits, as in acute postinfectiousalomerulonephritis are not а typical feature of 
shunt nephritis (transmission electron microscopy, x7000. 
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FIG. 3385 Shunt nephritis. Small, sliver-like subendothelial deposits are present, along with marked 
'endocapilary hypercellularity. There is extensive effacement of overlying foot processes (transmision 
electron microscopy, «8000 


classic complement pathway. Thus, the majority of patients have reduced complement levels, Coloniza- 
Чоп of the shunt is typically present. There may be low-grade bacteremia, but blood cultures may also 
be sterile, with identification of the pathogen only possible when the shunt is removed. Specific diag- 
nosis and removal of the infected shunt allow recovery in patients, usually within months. Antibiotic 
therapy alone has not been as effective, although in some case this has also led to resolution of disease. 
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| Diabetic Nephropathy 


‘The classic patient with diabetic nephropathy (DN) typically presented with gradual progression of 
disease from microalbuminuria to proteinuria, usually about 15 years after onset of diabetes. Renal 
lesions are quite similar in type 1 and type II diabetes mellitus (DM), although the delay in clinical. 
diagnosis of type П DM may give the appearance of shorter interval to DN in these patients. Patients 
with type I diabetes with DN have a high incidence of retinopathy, whereas only slightly more than 
half of those with type Il diabetes and DN also have retinopathy. Type II diabetes and obesity are 
increasing epidemically worldwide, in adults as well аз in children. Type II DM is particularly preva 
lent in some Native American Indian tribes, such as the Pima. DN only develops in about 30% of 
diabetic patients 

Recently, a distinct subset of diabetic patients with chronic kidney disease (CKD) without 
significant proteinuria has been recognized. Of note, microalbuminuria in diabetic patients is 
not a stable fixed finding, and more frequently regresses to normoalbuminuria rather than pro- 
gressing to overt proteinuria, The nonproteinuric progressive kidney disease patients have more 
associated cardiovascular disease than proteinuric DN patients. There are limited biopsy studies 
of these patients with nonproteinuric diabetic CKD. Biopsies done for clinical cause in nonpro- 
teinurie diabetic patients with CKD were compared to classic proteinuric diabetic patients. There 
was absence of Kimmelstiel-Wilson nodules, and only mild mesangial expansion and glomerular 
basement membrane (GBM) thickening in the nonproteinuric diabetic patients compared to clas 
sic DN patients. In a small research protocol biopsy study of nonproteinuric versus proteinuric 
diabetic patients with decreased glomerular filtration rate (GFR), occasional typical diabetic glo 
merular changes were observed even in the nonproteinuric group, but they also demonstrated 
more prominent interstitial fibrosis and arteriosclerosis. Further assessment will be needed to 
assess the spectrum of lesions, their mechanisms, and the prognostic importance in this nonpro- 
teinurie subgroup of diabetic patients, 

Patients with the typical course of DN usually do not undergo renal biopsy. Thus the biopsied 
diabetic patient is clinically atypical. Lesions other than DN, ether alone or superimposed on DN, are 
thus common in this biopsied population, and their relative frequency in any given series depends on. 
biopsy indications, DN also occurs in the transplant, ether as recurrent disease or as a de novo lesion. 
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DN develops more rapidly in this population than in native kidneys, with DN lesions present on aver- 
age 6 years after transplant. 

"The earliest changes in diabetic patients’ kidneys are renal enlargement, because of both hyper- 
filtration and hypertrophy. By light microscopy, glomerular hypertrophy, hyperplasia, and thickened 
GBMs are present as early as 2-8 years afer onset of diabetes in some patients. Mesangial volume 
expansion can be detected even earlier by morphometry from electron microscopic examinations 
(Eig. 4.1). Progressive increase in mesangial matrix and cellularity ensue and may culminate in dif- 
fuse increase in mesangial matrix or nodular glomerulosclerasis with associated hyaline in arterioles 
and occasionally in Bowman’ capsule ("capsular drop’) (Figs. 4.2-4.5). The nodules, so-called Kim- 
melstiel-Wilson nodules, have a lamellated appearance on silver stains (Figs. 4.6 and 4.7). There often 
are dilated capillary aneurysms surrounding the expanded Kimmelstiel-Wilson nodules, resulting 
from mesangielysi and loss of tethering of the capillary walls of the GBM to the mesangiam (Figs 
48112). This repeated mesangiolyss with subsequent augmented mesangial matrix synthesis in а 
repair response gives rise to the laminated appearance. Occasionally red blood cell fragments may be 
present in these nodules, thought to represent more severe localized microvascular injury. Endothelial 
lumens within the nodules also may be present. Crescents can even be present, possibly resulting from 
rupture of such microaneurysms, although frank fibrinoid necrosis is not observed, 

"The GBM is diffusely thickened without spikes or double contours on silver stains. Hyalinosis is 
common in DN, resulting from insudation of plasma proteins. The term hyaline сар (also called “fibrin 
cap’) is used to describe hyalinosis in peripheral segments of the glomerular tuft. The term capsular 


FIG. 4.1 Diabetic nephropathy. There is mesangial increase or nodular sclerosis, accompanied by hyalinoss of both 
afferent and efferent arterioles and thickening of the glomerular basement membrane lamina densa without 


deposits 
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FIG. 42 Diabetic nephropathy. The lesions in diabetic nephropathy are characterized by arteriolar hyalinosis, 
mesangial matrix expansion, and glomerular basement membrane thickening, There is also associated tubular 
interstitial fibrosis (periodic acid-schiff, 100). 


arterioles. The glomerulus shows diffuse mesangial matrix increase without formation of Kimmelstiel-Wilson nodules 
in this case. There is thickening of Bowman's capsule and a small "capsular drop,” that is, hyalin within Bowman's 
capsule at the 12 o'clock position (periodic acid-Schiff, x200) 
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FIG. 4.4 Diabetic nephropathy, Diffuse mesangial matrix increase and basement membrane thickening are evident 
in his case of early diabetic nephropathy. A “capsular drop" is seen at the bottom of Bowman's capsule. There i 
moderate increase in mesangial matrix and cellularity, with surrounding tubulointerstitial fibrosis. There are no 
deposits, splitting, or irregularities of the glomerular basement membrane (Jones silver stain, «200 


FIG. 4.5 Diabetic nephropathy. Diabetic nephropathy may manifest either as diffuse mesangial increase (as seen in 
Figs. 43 and 44), or with nodular glomerulasclerasis as in this case. There are multiple nodules of mesangial matrix, 
surrounded by a small rim of intact capillaries. The glomerular basement membrane is prominent. The expanded 
nodules show a lamellated appearance, thought to be due to repeated injury with mesangiolysis and exuberant 
repair responses laying down increased matrix, and scattered vascular lumina (periodic acid- Schiff, x200) 
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* 0 Са ne 
FIG. 4.6 Diabetic nephropathy. The lamellated appearance of the Kimmelste!-Wilson nodule characteristic of 
the nodular sclerosis form of diabetic nephropathy is shown, along with arteriolar hyalinosis and surrounding 
tubulointerstitial fibrosis Jones silver stain, x200). 


FIG. 4.7 Diabetic nephropathy. The large Kimmelstiel-Wilson nodules contain small red blood cell fragments and 
frayed, irregular mesangial matrix, evidence of early mesangialysis (Jones silver stain, 1200). 
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FIG. 4.8 Diabetic nephropathy. A large area of mesangial injury with red blood cell fragments and frayed, lucent- 
appearing mesangial matrix indicative of mesangiolysis, are shown (Jones silver stain, x400). 


attachments of the capillary loop. This loss of tethering of the mesangium is thought to give rise to microaneurysms 
The glomerular basement membrane is also thickened, without evident deposits (Jones silver stain, ¥400) 


drop is used to describe the appearance of hyaline material within Bowmanis capsule. The latter lesion 
is quite raze, and highly specific, although not pathognomonic, for DN. 

Overt DN is invariably accompanied by lesions of arterioles and arteries. Both afferent and effer- 
ent arterioles show hyalinosis in DN (Fig. 413). In contrast, arterionephroscleosis (ANS) affects the 
afferent, but not the efferent, arteriole. Interlobular and larger arteries show arteriosclerosis in DN. 

‘There is proportional tubulointerstitial fibrosis in DN. An increase in the cellular component of 
the interstitium precedes increase in matrix. Tubular basement membranes are thickened, and tubular 
atrophy and interstitial fibrosis occur in proportion to glomeruloscleross (see Fig. 47). 

Ву immunofluorescence microscopy, there may be linear accentuation of GBMs, typically stron- 
gest for IgG (Fig, 4.14). Both kappa and lambda light chain usually stain, thus ruling out possible light 
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FIG. 4.10 Diabetic nephropathy. Tere is ап area of mesangiolyss with fraying of the mesangium and loss of 
attachment of the mesangial area to the peripheral capillary loop. Red blood cell fragments are also present (Jones 
silver stain, x100). 


FIG. 4.11 Diabetic nephropathy. Numerous red blood cell fragments are present in this small Kimmelstiel-Wilson 
nodule. Red blood cell fragmentation has been associated with increased plasminogen -activator inhibitor-1 (PAL), 
and is associated with more severe disease. This is postulated to reflect local, more severe microvascular injury 
(hematoxylin and eosin, «1000. 


chain deposition disease or light and heavy chain deposition disease, which has monoclonal light chain 
staining. Absence of accompanying significant GBM C3 staining or crescents, and the clinical history, 
also aid in differentiating this staining from anti-GBM antibody-mediated glomerulonephritis. Albu- 
min, used as a control immunofluorescence (IF) stain, is also positive in these DN cases, showing the 
general "stickiness" of the altered GBM. There may also be linear accentuation with anti-IgG of Bow- 
manis capsule and tubular basement membranes, 
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FIG. 4.12 Diabetic nephropathy. Insudation of plasma proteins may occur in any state where there is vascular injury 
and is often a prominent component af diabetic nephropathy. The term Fibrin cap is often used for the presence of 
hyalinosis within the diabetic glomerulus. The glassy, smooth hyalin appearance of the insudated protein is evident, 
along with clear areas due to foam cells and lipid. The expanded mesangial matrix and thick glomerular basement 

membrane of diabetic nephropathy are evident (Jones silver stain, 1000). 


Electron microscopy confirms the diffuse GBM thickening due to widened lamina densa with- 
out immune complexes (Figs. 4.15 and 4.16), The СВМ may be several-fold normal thickness, up 
375 nm). Podocytes show effacement of foot processes 
The mesangial matrix is markedly expanded with lesser increase of mesangial cells without immune 


to 1200-1500 nm (normal in adult ~325. 


complexes, with areas of nevangiogenesis within the expanding lamellated nodules. Areas of hyali- 
nosis appear electron dense, are often present in sclerotic areas, often contain lipid, and should not 
be confused with immune complex-type deposits, Correlation with immunofluorescence and light 
microscopic findings is helpful in this regard. Superimposed, nondiabetic lesions are not uncom: 
‘mon, and complete examination by immunofluorescence and electron microscopy should be dane 
to investigate this possibility (Fig. 4.17). A recent schema to classify different levels of severity of 
this spectrum of morphologic alterations has heen developed. This schema is not intended for diag- 
nosis but rather as a research tool for comparisons of progression and response to interventions 
in research settings (Table 4.1). Recent studies have indeed shown that these stages of glomerular 
lesions and interstitial fibrosis/tubular atrophy were correlated with clinical outcome, with worse 
renal survival associated with worse stage on biopsy 
iopsicd diabetic patients are not typical, and lesions other than DN may frequently be encoun- 

tered. On the other hand, the renal biopsy may show lesions of DN preceding clinical diagnosis of overt 
type I diabetes. Differential diagnosis is listed in the box titled "Key Differential Diagnosis of Diabetic 
Nephropathy” Of note, obesity-related glomerulopathy is characterized by marked glomerulomegaly, 
occasionally with hilar type focal segmental glomeruloselerosis (FSGS). GBM thickening may be pres- 
ent, but not usually as prominent as in DN, and sclerosis is not usually nodular, although vascular 
lesions may be present, related to hypertension, with only afferent arteriolar hyalinosis, 

ave morphologic 
appearance and matrix content indistinguishable from DN. This morphologie lesion is loosely associ- 
ated with smoking history 


Idiopathic nodular sclerosis is diagnosed by exclusion of other causes, and may 


ind is seen typically but not exclusively in older white males. 


Etiology/Pathogenesis 
Diabetic nephropathy occurs in only 30-40% of patients with DN. Further, not all patients with DM 
who receive а kidney transplant develop recurrent DN in the transplant. Thus, multiple complex fac- 
tors are involved with the pathogenesis of DN. 
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6.4.13 Diabetic nephropathy. Insudation of plasma prot 
characteristic although not pathognomonic, lesian of diabetic nephropathy This lesion, termed the. 
is associated in this case with thick glomerular basement membrane and a well-organized, lamellated Kimmelstiel- 
Wilson nodule on the left (Jones silver stain, x400). 


FIG, 4.14 Diabetic nephropathy. By immunofluorescence, there may be linear accentuation of the glomerular 
basement membrane in diabetic nephropathy. Differentiation from anti glomerular basement membrane (GBM) 
antibody-mediated glomerulonephritis is usually easy by correlation with clinical history, and light microscopic 
findings of nodular glomerulosclerosis in diabetic nephropathy versus crescents in anti GBM antibody-mediated 
glomerulonephritis In addition, СЗ is often positive in a segmental, linear, or occasionally even granular, fashion in anti- 
GBM antibody-mediated glomerulonephritis but not in diabetic nephropathy (antgG immunofluorescence, x200) 
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FIG. 4.15 Diabetic nephropathy. The mesangial matrix is expanded with increased mesangial cell without immune 
deposits. The glomerular basement membrane is usually several times normal in thickness because of a thickened 
lamina densa without deposits (transmission electron microscopy, x500). 


FIG. 4.16 Diabetic nephropathy. The markedly thickened glomerular basement membrane s illustrated here. Even 
without precise morphometric measurements, the increased thickness is apparent by examining the proportion of 
the glomerular basement membrane to the base of intact foot processes (transmission electron microscopy, x6000). 


In patients with type II DM who are carefully screened by clinical criteria to have DN as a cause 
of their proteinuria, renal biopsy done for clinical research studies indeed demonstrated lesions of DN 
similar to those in type I diabetes. In unscreened patients with type II DM biopsied for proteinuria, 
varying renal lesions, including various immune complex and other diseases, were present in one-third 
of patients. Importantly, typical diabetic patients are not usually biopsied. Therefore, the finding of 
lesions other than or superimposed on DN is common in clinically indicated renal biopsies in diabetic 
patients, 

Regression of mild DN lesions occurred in nondiabetic patients who inadvertently received kidney 
transplants with early DN lesions. In studies of patients who had their type I DM cured by pancreas 
transplant, regression of existing mild to moderate DN lesions was proven by repeat biopsies over a 
10-year period. These important observations show the potential for modifying the course of DN, 
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FIG. 4.17 Diabetic nephropathy. Patients with diabetic nephropathy who are biopsied typically have an unusual 
course of diabetic nephropathy and may occasionally have superimposed disease, as in this patient who had 
‘membranous glomerulonephritis with small subepithelial and intramembranous deposits, in addition to mesangial 
‘matrix expansion, lamina densa thickening, and arteriolar hyalinosis related to their underlying diabetes mellitus, 
IgA nephropathy may also often be associated with diabetic nephropathy in biopsied diabetic patients (transmission 
electron microscopy, x300). 


TABLE 4.1 | Glomerular Classification of Diabetic Nephropathy 

Clas Description Inclusion Criteria 

П Mild or nonspecific LM changes and Biopsy does not meet any of the criteria 
EM-proven GBM thickening. mentioned below for class Il, Ш, or IV 


GBM »395 nm in female and 5430 nm in male. 
Individuals 9 years of age and older 
la Mild mesangial expansion Biopsy does not meet criteria for class IIi or IV 
Mild mesangial expansion in >25% of the 
observed mesangium 
ль Severe mesangial expansion Biopsy does not meet criteria for class Ill or IV 
Severe mesangial expansion in >25% of the 
observed mesangium 


m Nodular sclerosis (Kimmelstiel- Biopsy does not meet criteria for class IV 
Wilson lesion) 
м Advanced diabetic glomerulosclerosis At least one convincing Kimmelstiel-Wilson lesion 


Global glomerular sclerosis in >50% of glomeruli 
Lesions from classes | through Ill 


EM Electron microscopy: GM, glomerular basement membrane LM ight microscopy 
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Posible factors involved with development of diabetic nephropathy include, but are not limited to, 
abnormal intraglomerular hemodynamics and permsclectivity defects, the renin-angiotensin system, 
advanced glycation end products, growth factors such as transforming growth factor the plasmin/ 
plasminogen activator system and matrix turnover, nsulin/glucose and related metabolites, oxidative 
stress, mitochondrial injury, deranged autophagy, podocyte loss, endothelial and mesangial injury, 
increased vascular endothelial-derived factor (VEGF) with excess angiogenesis early and loss of VEGF 
late, and infiltrating inflammatory cells, 

‘The etiology of injury in nonproteinuric diabetic patients with CKD is not determined. The pheno- 
type is not fully explained by blunting of proteinuria due to widespread use of anglotensin-converting 
enzyme inhibitor (ACEI). Postulated mechanisms in these patients include ischemia, with subtly unre 
ognized acute kidney injury, and/or cardiovascular disease, and/or increased inflammation. 


Key Differential Diagnosis of Diabetic Nephropathy 


= Mesangial expansion, matrix more than cells, may be nodular or diffuse 
+ Afferent and efferent arteriolar hyaline 

+ Glomerular basement membrane thickening 

= No immune complexes 


Diabetic Nephropathy: Key Differential Diagnosis of Nodular Sclerosis 


= Nodular sclerosis may also be seen in light chain deposition disease (LCDD) or other mono- 
clonal immunoglobulin-associated disease: IF and electron microscopy (EM) demonstrate the 
clonal immunoglobulin deposits along GBMs and tubular basement membranes. 

~ Amyloid is diagnosed by light chain IF staining in amyloid light chain (AL), and Congo red 
staining in ай types of amyloid. 

+ Membranoproliferative glomerulonephritis may be lobular to nodular, but deposits are seen by 
TF and EM, 

+ Obesity-related glomerulopathy is characterized by marked glomerulomegaly, occasionally 
bilar-type focal segmental glomerulosclerosis, but with less marked GBM thickening than in 
DN. 

^ Idiopathic nodular sclerosis is diagnosed by exclusion of other causes and DM and may have 
morphologic appearance identical to diabetic nephropathy. 
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Thrombotic Microangiopathy/Thrombotic 

Thrombocytopenic Purpura 
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In the cay stages отет show thickening of the capillary walls caused by endothelial 
cell swelling and the accumulation of material between the endothelial cll and the undedying 
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FIG. 420 Thrombotic microangiopathy. Glomerulus with focally bloodless capillaries caused by endothelial cel 
swelling and accumulation of material between the endothelial cll and the basement membrane. Microthrombi are 
also present (hematoxylin and eosin, x400). 


[i ` ž aos 
FIG. 421 Thrombotic microangiopathy. Glomerulus with focally bloodless capillaries with endothelial cell swelling 
and accumulation of material between the endothelial cell and the basement membrane. Micrathrambi are also 
present (trichrome, x400). 
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FIG. 422 Thrombotic microangiopathy. There is mesangiolyss and focal double contours of the peripheral capillary 
loops (ones trichrome, x400). 


FIG. 4.23 Thrombotic microangiopathy. Electron microscopy demonstrates electro-lucent material separating the 
swollen endothelial cells from the basement membrane (transmission electron microscopy, 15000) 
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FIG. 424 Thrombotic microangiopathy. Trchrome stain demonstrates a “bloodless glomerulus” in which capillary 
loops are collapsed and occasionally contain fragmented red blood cells (trichrome, x40). 


FIG. 425 Thrombotic microangiopathy Fibrinoid necrosis of the afferent arteriole accompanies the characteristic 
collapsed and bloodless glomerulus (hematoxylin and eosin, x400). 
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FIG. 4.26 Thrombotic microangiopathy. Glomerulus demonstrating loss of the normal architecture with apoptosis of 
‘mesangial cells, a process termed mesangiolysis (hematoxylin and eosin, x400). 


‘mesangium may demonstrate loss of its architecture with apoptosis of mesangial cells, a process 
that has been termed mesangiolyss (Figs. 4.26 and 4.27), Partial or complete dissolution of the 
‘mesangial matrix and cells results in the development of an aneurysmal dilation of the capil- 
aris (Fig, 428). Ischemic glomerular injury characterized by collapse of capillary loops and 
thickening and wrinkling of the capillary walls is prominent when there are severe acute vascular 
lesions, including thrombosis of arterioles and arteries (Figs. 4.29 and 4.30). When necrosis of the 
glomerular capillaries occurs, small crescents may also be seen, As the lesion progresses, both a 
proliferative and sclerotic response can be seen individually and combined within the glomerult 
(Pig, 4.31). Areas of mesangiolysis progress into sclerotic changes: proliferation of intrinsic glo- 
‘merular cells can yield a membranoproliferative pattern that in some cases is indistinguishable 
by light microscopy from membranoproliferative glomerulonephritis (Fig. 4.32). Examination by 
{mmunofluorescence and electron microscopy allows correct classification as to the cause of the 
GBM double contours 

‘The acute arterial changes can range from mild, with swelling of the endothelium, to severe, 
with evidence of fibrinoid necrosis of the media and thrombosis of the lumen (Fig. 4.33), As the 
disease progresses, there is myointimal proliferation with narrowing of the lamen, which involves 
the interlobular and arcuate arteries (Fig. 4.34). Myointimal cells have a swollen appearance. This 
lesion has been termed mucoid intimal hyperplasia and is highly characteristic for thrombotic 
‘microangiopathies. As the lesion advances, duplication of the internal elastic lamella occurs 
with permanent compromise of the vascular lumen. This phase is often associated with severe 
hypertension. 

‘Tubular and interstitial changes are secondary to the glomerular and vascular lesions. There is 
often tubular collapse, occasionally associated with focal tubular necrosis, Patchy necrosis and true 
infarcts are also occasionally present in severe cases, 

Immunofluorescence microscopy demonstrates the deposition of fibrin or fibrinogen in the glom- 
eruli and in the mesangium as well as within the vessel walls (Fig. 4.35). Occasionally, nonspecific 
deposition of other immunoglobulins and complement may he seen. 
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FIG. 427 Thrombotic microangiopathy Trichrome silver stain demonstrates the lack af internal mesangial core with 
‘thrombosis of the peripheral capillaries (Jones trichrome, x400). 


FIG. 428 Thrombotic microangiopathy. Glomerulus demonstrates aneurysmal dilation of the capillaries following 
mesangiolysis (hematoxylin and eosin, 400) 


Electron microscopic findings are consistent with those seen by light microscopy and immu- 
nnofluorescence. Early lesions demonstrate the separation of the endothelium from the basement 
membrane and the accumulation of subendothelial fibrillar material that corresponds to the pres- 
ence of fibrinogen (Figs. 4.36439). Thrombosis of the capillary lumina with fibrin tactoids is 
also occasionally seen, as are accumulations of platelets. Endothelial cells in the glomeruli, arter- 
des, and arterioles show swelling and separation from the underlying structures and evidence of 
apoptosis. 
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FIG. 429 Thrombotic microangiopathy. The afferent arterioles are also affected with evidence of fibrinoid necrosis 
and thrombosis (trichrome, x400). 


arteriole at the vascular pole (trichrome, x400). 


Etiology/Pathogenesis 
Hemolytic uremic syndrome (HUS) can broadly be divided into individuals who present with diar 
thea and those in whom diarrhea is not associated (atypical HUS; aHUS). Nondiarrhea-associated 
disease can be further classified as sporadic or familial. Diarches-associsted disease is secondary to 
infection with the Shiga toxin-producing bacteria Shigella dysenteriae and Escherichia coli 0157.Н7 
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FIG. 431 Thrombotic microangiopathy. The later stage of the disease demonstrates interstitial fibrosis, tubular 
atrophy, and beginning glomeruloscerasis (trichrome, x400). 


FIG. 432 Thrombotic microangiopathy. There is advanced glomerulozcerosi with nodularity mimicking lobular 
sglomerulonephrits Jones silver stain, 400). 


and more recently associated with E. сой ООА НА, Pathogenic factors for E. сой 0157 and 0104 are 
the production of verotoxins and adhesion molecules, which facilitate the binding of the bacteria 
tightly to colonocytes facilitating the transfer of the toxins. The sporadic form of the disease can 
be associated with pregnancy, systemic lupus erythematosus, HIV infection, and a variety of drugs 
including oral contraceptives and cyclosporin or tacrolimus, The form that has been given the name 
thrombotic thrombocytopenic purpura has been linked to abnormalities of the metalloproteinase that 
is responsible for the breakdown of large Von Willebrand factor aggregates or multimers into smaller 
less active multimers (now called ADAMTS-13). There may be a hereditary deficiency or an acquired 


FIG. 4.33 Thrombotic microangiopathy. Arterial changes are present in more advanced cases with evidence of 
fibrinoid necrosis of the media and extravasation of red blood cells with mild intimal proliferation (trichrome, 400) 


FIG. 4.34 Thrombotic microangiopathy. Crass section of the vessel demonstrating marked myaintimal proliferation 
and narrowing of the lumen with foc о! fibrinoid necrosis hematoxylin and eosin, 400). 


antibody inhibitor of this protease, The absence of the protease results in an excess of Von Willebrand 
factor multimers, which are prothrombotic, Familial HUS is due to a deficiency in ADAMTS-13, 
(Other hereditary forms have been associated with mutations in complement factors H, I, B, C3, and 
CD46. Deficiencies of these factors can also he the result of autoantibody inhibition. Mutations in 
diacylglycerol kinase є (ОСКЕ) as a cause of recessive infantile HUS characterized by proteinuria has 
highlighted podacyte dysfunction as а potential complication of aHUS. The use of VEGF inhibition 
in cancer therapy has identified а unique form of TMA where endothelial activation/injury plays a 
central role (Figs. 4.40 and 441) 
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FIG. 435 Thrombotic miro 
glomerular capillary loops ( 


jopathy. mmunafluorescence studies reveal diffuse deposition of fibrin throughout 
ibrin immunofluorescence, 200) 


FIG. 436 Thrombotic microangiopathy. Electron micrograph demonstrates evidence of mesangialysis with 
denudation of the endothelium from the basement membrane and los of the mesangial architecture (transmission 
electron microscopy, «3000 
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the capillary lumen and separating the endothelial cell rom the basement membrane (transmission electron. 
microscopy, x500). 


FIG. 4.38 Thrombotic microangiopathy. Electron micrograph demonstrates the presence of fragmented red blood 
cell within the capillary lumen and endothelial cell swelling and subendothelial fibrillar material (transmission 
electron microscopy, 5000). 
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FIG. 439 Thrombotic microangiopathy. Electron micrograph demonstrates evidence of glomerular capillary 
‘thrombosis with fragmented red blood cells bound in a fibrin matrix (transmission electron microscopy, 3000) 
To view thi electron micrograph with color coded overlays explaining each component, please visit ExpertConsuit-com. 


FIG. 4.40 Glomerulus of a patient treated with vascular endothelial derived growth factor (VEGF) trap molecule with 
dilated denuded capillaries, swollen endothelium with focal thrombosis (hematoxylin and esin, x400). 
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FIG. 4.41 Electron micrograph showing capillary loop where the endothelium has been denuded and the basement 
membrane coated with granular fibrin (transmission electron microscopy, х8000). 


^ Intravascular fibrin thrombi in acute stage 

+ Double contours of glomerular basement membranes with variable proliferation and no 
immune completes in chronic stage 

+ Mucoid change of arterioles in acute stage 

^o Intimal proliferation of arterioles in chronic stage 


Ibotic Mi 


Differential Diagnosis of Th 


ingiopathy 


= Fibrin may also occur associated with fibrinoid necrosis in, for example, vasculitis or crescen- 
tic glomerulonephritis. 

^ Karyorthexis and tissue destruction are then evidence of the primary necrotizing process 
underlying the injury. rather than an intracapillary thrombotic process. 


Note: Split appearance of glomerular basement membranes may also be seen because of suber- 
dothelial immune complexes (see membranoprolifertive glomerulonephritis). Immunofluores- 
cence and electron microscopy help differentiate this lesion from chronic thrombotic microangi- 
pathy. 


SCLERODERMA (SYSTEMIC SCLEROSIS) 
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| Scleroderma (Systemic Sclerosis) 


Systemic sclerosis (SS) is a multisystem disease that affects the skin, the gastrointestinal tract, the lung, 
the heart, and the kidney. Kidney involvement occurs in approximately 60-70% of SS patients. Age at 
onset of systemic sclerosis is 30-50 years and females are affected more than males, with slight pre- 
dominance of African Americans versus Caucasians. Survival over 5 years in SS ranges from 34-73%, 
with scleroderma renal crisis the most common cause of death, Scleroderma is now classified as limited 
ог diffuse cutaneous scleroderma, In the limited form, fibrosis is mainly restricted to the hands, arms, 
and face, with Raynaud's phenomenon preceding fibrosis, with frequent pulmonary hypertension. Most 
ofthese patients also have anticentromere antibodies. Diffuse cutaneous scleroderma is a more severe, 
rapidly progressing process that has adverse effects not only on large areas of skin but one or more inter 
mal organs, The kidneys, esophagus, heart, and lungs are the most frequently affected. 

Scleroderma renal crisis develops in approximately 20% of patients with systemie sclerosis, but 
may be decreasing due to early treatment with ACEI. Patients present with malignant hypertension 
and acute renal failure, Grossly,petechial hemorrhages or even renal infarcts may be present in patients 
‘with scleroderma renal crisis, similar to HUS or malignant hypertension, Microscopically, the major 
finding isa proliferative obliterative change of arteries and arterioles sometimes associated with bri 
noid necrosis of afferent arterioles, Fibrin can extend to glomeruli (Figs. 442 and 4.43). Glomeruli 
may show ischemic collapse ог fibrinoid necrosis (Figs. 4.42-4.45), Interlobular arteries show intimal 
thickening, proliferation of endothelial cells, and edema with mucoid change (Pigs, 446-448), Red 
blood cell (RBC) fragments are often present within the injured vessel wall, and there may be vessel 
жай necrosis and/or fibrin thrombi within vessels. Glomeruli may show ischemic collapse or fibrinoid 
necrosis. In chronic injury, there is reduplication of the elastic internal lamina, that is, the so-called 
onion-skin pattern (Figs. 4 49-4.52). Tubules may show degeneration and even necrosis, especially in 
scleroderma crisis (see Fig. 416). Tubulointerstitial fibrosis develops with chronic injury. There are no 
immune complexes, and electron microscopy shows only increased lucency of the lamina rara interna, 
similar to TMA (Fig. 453) 

"The pathologic appearance overlaps with malignant hypertension and TMA. Idiopathic malignant 
hypertension tends to involve smaller vessels, that is, afferent arterioles, whereas scleroderma renal 
crisis lesions may extend to interlobular size and larger vessels, and TMA due to HUS typically involves 
primarily glomeruli, However, distinction of scleroderma and malignant hypertension solely on mor- 
phologic grounds is not feasible, and clinicopathologic correlation is required for specifie diagnosis. 


Etiology/Pathogenesis 

‘The pathogenesis is unknown, but probably involves immune mechanisms, and endothelial injury with 
unknown inciting events, associated with excess collagen accumulation, Endothelial injury is thought 
to play a key role in renal SS, and occurs early in the course of the disease, but whether itis primary or 
initiated by immune injury has not been elucidated. Arterioles develop large gaps between endothe- 
tal cells, and the endothelium is damaged with vacuolization. Perivascular infiltrates of mononuclear 
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fibrin thrombi sometimes extending to glomeruli. There в ischemie tubular injury, and early interstitial edema and 
fibrosis (hematoxylin and eosin, x100). 


extending to the hilus of the glomerulus. The glomerulus itself shows only ischemie change with corrugation of the 
glomerular basement membrane and retraction of the tuft (Jones silver stain, 200). 
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segmental corrugation and duplication of the glomerular basement membrane, related to subacute endothelial 
injury Jones silver stain, 400), 


FIG, 445 Scleroderma, There is fibrinoid necrosis of the wall of this arteriole, with red blood cell fragments trapped 
within the wall and disruption of the internal elastic lamina (Jones silver stain, x400). 
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FIG. 4.46 Scleroderma. There is extensive injury of these medium-sized interlabular arteries with mucoid change, 
necrosis, and numerous red blood cell fragments, leading ta occlusion of the lumens. There is surrounding acute 
tubular necrosis with flattening and regeneration injury of the epithelium, and ischemic corrugation of the 
glomerular basement membrane (ones silver stain, 200). 


FIG. 4.47 Scleroderma. The mucoid expansion of the intima, with fibrin occluding the lumen, and numerous red 
blood cell fragments within the vessel wall are shown (Jones silver stain, 400). 
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FIG. 4.50 Scleroderma. There is remarkable mucoid change and early concentric intimal fibroplasia of these. 
arterioles in the more chronic phase of injury Jones silver stain, 200). 
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FIG. 4.51 Scleroderma. Intimal fibroplasia is occluding the lumen of the interiobular artery, with early so-called 
‘onion-skinning change, without any inflammation (Jones silver stain, 400), 
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FIG. 452 Scleroderma. The well-established intimal fibroplasia following the acute injury is evident, with concentric 
intimal fbroplasia, the so-called onion-kinning appearance (Jones silver stain, 00. 


immune cells, obliterative microvascular lesions, and rarefaction of capillaries develop. Scleroderma 
patients also have a defect in yasculogenesis and deficiency of circulating endothelial progenitor cells, 

Autoantibodies are often present, including anti-topolsomerase 1, anticentromere, anti-RNA 
polymerase, each present in 25% of patients with scleroderma, Some studies have demonstrated 
cytotoxic antiendothelil factors in serum from scleroderma patients, Imbalance of vasodilators (eg 
nitric oxide, vasodilatory neuropeptides such as calcitonin gene-related peptide, substance P) and 
vasoconstrictors (eg, endothelin-1, serotonin, thromboxane A2) has been described in SS patients. 
Prolonged vasoconstriction could contribute to structural changes and fibrosis in the kidney. 
Increased profibrotic factors, including transforming growth factor-f and connective tissue growth 
factor, have been described, 


Key Diagnostic Features of Scleroderma 


^ Fibrinoid necrosis of arterioles and interlobular arteries in acute stage 

^ Mucoid change of arteriolesnterlobalar arteries with red blood cell fragments in subacute 
stage 

^ Onion-skinning intimal proliferation of arterioles/interlobular arteries in chronic stage 


Key Differential Diagnosis of Scleroderma 


Scleroderma versus malignant hypertension: 
‘+ Malignant hypertension-associated injury typically also has underlying changes of 
arterionephrosclerosis and may involve smaller vessels. 


^ Clinical correlation is essential 
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FIG. 4.53 Scleroderma. There is corrugation of the glomerular basement membrane, with expansion of the lamina 
rara interna, related to chronic endothelial injury There are no immune complexes. Overlying foot processes show 
extensive effacement with occasional vacuoles and lipid droplets (transmission electron microscopy, х8000). 

то view this electron micrograph with color coded overlays explaining each component, please visit ExpertConsult com. 
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|| Antiphospholipid Antibody Disease 


"The antiphospholipid syndrome (APS) is an autoimmune disease defined by two major compo- 
nents, recurrent vascular thrombosis or pregnancy morbidity and the presence of at least one type of 
antiphospholipid autoantibody. Antiphospholipid antibody (APL) disease may occur in conjunction 
‘with systemic lupus erythematosus (SLE) or without other underlying systemic disease. Clinical mani 
{stations are due to arterial and/or venous thrombosis. In women, fetal oss is common with a history 
of repeated miscarriages, Patients with APL antibodies may have systemic hypertension, 


PREECLAMPSIA AND ECLAMPSIA 


"The kidney may be involved by TMA with acute renal failure, or symptoms may be more insidious 
‘The involved kidney acutely shows thrombi in arterioles and interlobular arteries and also may involve 
glomeruli as in TMA of any cause (see detailed description of these lesions above). Chronically, the 
vascular lesions organize and there is fibrous intimal hyperplasia of interlobular arteries with associ- 
ated focal cortical atrophy: The involvement of larger vessels occurs typically in primary APL antibody 
syndromes, resulting in sharply defined areas of cortical atrophy. 


Etiology/Pathogenesis 
APL antibodies may be lupus anticoagulants, anticardiolipin antibodies, or antibodies to beta-2 gly- 

coprotein 1, They may occur as а primary APL antibody syndrome or secondarily in association with 
SLE or other mixed connective tissue disease. These antibodies are prothrombotic and often result 
їп thrombosis both systemically and occasionally in the kidney, with consequent tissue ischemia 
and injury, similar to that seen with TMA of any cause, The antibodies activate mammalian target of 
rapamycin complex (nITORC) in endothelial cells through the phosphatidylinositol 3-kinase (PIBK) 
AKT pathway, leading to the development of the vascular lesions. 


Key Morph in Antiphospholipid Antibody Dis 


ET gs 


= Lesions of thrombotic microangiopathy (see earlier) 
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|| Preeciampsia and Eclampsia 


Toxemia of pregnancy includes both preeclampsia and eclampsia and can occur with or without an. 
underlying primary renal disease. Preeclampsia is primarily a disease of nulliparas and manifests after 
the 20th week of gestation. It is characterized by hypertension, proteinuria, and edema. Preeclampsia 
occasionally progresses to а convulsive phase that is called eclampsia, This is often Ме threatening and 
clinically is manifested by a greater degree of hypertension and proteinuria, The clinical manifestations 
may extend to include hemolysis and red blood cell fragmentation, low platelet count, and elevated 
liver enzymes due to endothelial activation of the hepatic sinusoids in addition to that of the описа 
lar disease (HELLP syndrome hemolysis, elevated liver enzymes, low platelets). 


PATHOLOGY 


Light microscopy shows a lesion characterized by enlarged glomeruli that appear bloodless and have 
swollen endothelial cells, coined the endotheioss lesion (Figs. 4.54-4.61). More severe cases demon- 
strate the presence of fibrin both on light and immunofluorescence microscopy, particularly if HELLP 
syndrome is present. Immunofluorescence confirms the presence of fibrin. Rarely, trapped immuno- 
globulins аге also found (Figs. 4.62 and 4.63) In patients with preeclampsia and acute renal failure, the 
important findings are primarily ultrastructural, with evidence of endothelial cell swelling, Electron. 
microscopy shows endothelial swelling with separation of the endothelium from the basement mem- 
brane by lucent material consistent with fibrinogen and foci of necrosis (Figs. 4.64-4.68). 
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FIG. 4.54 Preeclampsia. Glomerulus demonstrates lobular accentuation with mesangial proliferation. The glomerular. 
capillaries are collapsed. Occasional capillaries shaw microthrambi. The endothelial cell appear swollen {hematoxylin 
and eosin, x400). 


FIG. 4.55 Preeclampsia. Glomerulus demonstrates dilated glomerular capillaries, and the endothelial cells appear 
swollen to fil the capillary lumens (endotheliosis) (silver methenamine, x400). 
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FIG. 4.58 Preeclampsia. The glomerulus demonstrates the same findings as in Fig. 4.57 with evidence of capillary 
thrombosis, thickening of the capillary walls, and endothelial cell swelling (trichrome, x400), 
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FIG. 4.62 Preeclampsia. Immunofluorescence demonstrates the presence of fibrinogen diffusely throughout the 
glomerulus (anti-fibrinogen immunofluarescence, x200) 


FIG, 4.63 Preeclampsia. Higher power demonstrates ivnapen deposition inthe glomerulus and surrounding 
peritubular capillaries (ant-fibrinogen immunofuorescence, x400). 


FIG. 4.64 Preeclampsia, Electron micrograph demonstrates the capillary lumina to be patent, the endothelial cells 
have lost fenestration and are swollen and separated from the basement membrane by electron-lucent material 
(transmission electron microscopy, 2000) 


FIG. 4.65 Preeclampsia. Electron micrograph demonstrates the capillary lumina to be patent, the endothelial cells 
have lost fenestration and are swollen and separated from the basement membrane by granular electron-dense 


material (transmission electron microscopy, 2000). 
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FIG. 4.65 Preeclampsia. Electron microscopy demonstrates the separation of the endothelium from the basement 
membrane with accumulation of lucent material. There is extensive effacement of the foot processes (transmission 
electron microscopy, «3000. 


FIG. 4.67 Preeclampsia. Electron microscopy demonstrates the capillary lumen filled with platelets, fibrin, and red 
celis transmission electron microscopy, 1200). 
To view this electron micrograph with color coded overlays explaining each component, please visit ExpertConsult com. 


PREECLAMPSIA AND ECLAMPSIA 


FIG, 4.68 Preeclampsia. Remodeling of the basement membrane is present with focal lamination and folding as a 
process of repair (transmission electron microscopy, «5000. 


Etiology/Pathogenesis 
‘The pathology in preeclampsia/eclampsia is similar to that seen in TMAs, However, the pathogenesis 
is different. A range of deficiencies in placentation affects the key process of spiral artery remodel- 
ing. As pregnancy progresses to the third trimester, inadequate spiral artery remodeling along with 
multiple hemodynamic, placental, and maternal factors converge to activate the maternal immune 
and cardiovascular systems. Deficient uteroplacental perfusion is well recognized to be a feature in all 
preeclampsia syndromes as а result of preexisting vasculopathy and deficient trophoblast modeling of 
decidual arteries at the implantation site, Several mechanisms have been implicated in the pathogene- 
sis of preeclampsia, including endothelial dysfunction, oxidative stress from placental hypoxia, and the 
renin-angiotensin system, Preeclampsia is associated with increased sensitivity to angiotensin IL that 
may develop before the clinical manifestations of the disease. Placental vascular abnormalities often 
accompany the presence of preeclampsia. There is abnormal differentiation ofthe cytotrophoblasts and 
altered expression of adhesion molecules. These lesions lead to thrombosis of placental vasculature and 
infarction. 

‘thas been hypothesized that the placental injuries release an angiogenic actor, soluble Ft (sFlt1) 
into the systemic circulation that induces endothelial cell injury and initiation of intravascular coag- 
ulation. Genetic links have also been implicated as a result of familial aggregation of the syndrome 
between mother and daughters. Recent studies point to a primary importance of VEGF in preeclamp- 
sia. Increased levels of the soluble VEGF receptor, fms-like tyrosine kinase 1 (Ft), inhibits VEGF 
actions and placental growth factor (PIGF), which in turn appear to cause endothelial dysfunction and 
the classic endotheliosis lesion, 
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Key Diagnostic Features of Pre 


lampsia/Eclampsia 


+ Endotheliosis (swollen endothelial cells, “bloodless” appearance of glomeruli) 
‘+ Increased lucency of lamina rara interna, swollen endothelial cells by electron microscopy 
+ Thrombotic microangiopathy, fibrinoid necrosis in severe cases, HELLP syndrome. 
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|| Fibromuscular Dysplasia 


A clinically important group of lesions of the renal artery are the so-called dysplastic lesions of the 
renal artery. These lesions may involve vessels outside of the renal artery but become clinically impor- 
lant when they cause obstruction initiating severe hypertension by creating а Goldblatt kidney. Fibro- 
muscular dysplasia is a noninflammatory; nanatheroscleratic process that leads to arterial stenosis 
and can occur in all arterial beds. It is more common in females, The lesions can be subdivided into 
six separate groups, including intimal fibroplasias, medial fibroplasias, medial hyperplasia, perimedial 
fibroplasias, medial dissection, and periarterial firoplasias, The term fibromuscular dysplasia has been. 
used to encompass several of these separate categories but it appears useful to subclassify them because 
they may affect different patient populations (Table 4.2). 


Etiology/Pathogenesis 
Little is known relative to the pathogenesis, but it is thought to be related to а potential defect in matrix 
synthesis and regulation. А genetic predisposition with a reported autosomal mode of inheritance has 
been reported in some families Hormonal influence, ischemic damage, and mechanical stretch have 
all been postulated. 


PATHOLOGY 


The most common of the dysplastic lesions is medial fibroplasia, This usually results in a multifocal 


stenotic lesion alternating with microaneurysms. This pattern of disease leads to the characteristic 
string-of-beads appearance seen on arteriography (Figs. 4.69 and 4.70). Histopathologically there is 
atrophy of the muscle and fibrosis of the wall in the region of the small aneurysms alternating with 
the stenotic lesions where there is medial muscular hypertrophy with an increase of interstitial col- 
lagen (Fig. 471). The second most frequently encountered variation of fibromuscular hyperplasia is 
perimedial broplasias. In contrast to medial Sbroplasias, segmental aneurysmal dilation is not pres 
ent but focal aneurysms occasionally occur (Fig. 4.72). The lesions consist of thickening of the outer 
half of the media with an increase in fibrous tissue (Fig. 4.73). The muscle is disoriented and there is 
generalized thickening of the wall although the elastic and intima as well аз the inner portion of the 
media retain a normal architecture, Far less common is medial hyperplasia. Here there is hyperplasia 
‘of the muscle that results in uniform thickening of the vessel wall and results in generalized narrow. 
ing of the lumen (Fig. 4.74). Periarterial fibroplasia is a rare lesion in which fibrosis of the adventia 
extends into the surrounding adipose and connective tissue, resulting in constriction of the vessel 
from without rather than from within the vessel wall (Fig. 4.75). In intimal fibroplasias, the fibrotic 
lesion involves only the intima of the vessel, with the elastica and media maintaining a normal struc- 
ture There is hyperplasia of the intima, which is essentially indistinguishable from the proliferative 
stage of arteriosclerosis but is not associated with an increased deposition of lipid (Fig. 176). The 
lesion has been reported in an individual as young as 1 year of age but is most commonly seen in the 
third and fourth decades. 


FIBROMUSCULAR DYSPLASIA 


TABLE 4.2 | Dysplast 


‘Age (years) and sex Relative 


incidence frequency" (%) Lesion 

Tntimal fibroplasia TSOM=F 12 Narrowing by intimal proliferation. 
without lipid 

‘Medial fibroplasia with 30-60 F> M 60-70 “String of beads"; alternating 

aneurysms stenosis and mural thinning 

‘Medial hyperplasia 30-60 F> M s15 Smooth muscle hyperplasia and 
thickening 

Perimedial fibroplasia 30-60 F> M 15-24 Fibrosis of outer media; 
occasionally aneurysms 

Medial dissection 3060 F>M s15 Fibrosis of media with dissecting 
aneurysms 

Periarterial fibroplasia 15-50 F> M 1 Perivascular fibrosis and 
inflammation 


relative ta al forms of dpa eslen, e, medial irapa the most common form of renal arterial dps. 


FIG. 4.69 Medial fibroplasia. Radiograph from a patient with fibromuscular dysplasia demonstrating the "sting of 
beads" appearance of the renal arteries. 
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FIG. 4.70 Medial fibroplasia. Fbromuscular dysplasia. The artery shows irregular saccular dilations with bands of 
narrowing between the aneurysmal dilations. These correspond to the "string of beads" findings on the radiograph. 


FIG. 471 Medial fibroplasia. Elastic stain of the vessel shows focal areas of atrophy of the smooth muscle and 
fibrosis in the region of the aneurysmal dilations (elastic stain, 200). 


FIBROMUSCULAR DYSPLASIA, ie 


gs. 


FIG. 4.72 Perimedialfibroplasia. Radiograph showing area of constriction and a focal aneurysmal dilation distal to 
the constriction. 


FIG. 473 Perimedialfibroplasa, Elastic stain demonstrates thickening of the outer half of the media and an increase 
in fibrous tissue (elastic stain, 1200), 


FIG. 4.74 Medial hyperplasia. Hyperplasia of the muscular layers of the wall results in uniform thickening of the 
vessel wall with generalized narrowing of lumen without aneurysmal dilation (hematoxylin and eosin, 400), 


FIG. 4.75 Periarterial ibroplasas. Fibrosis is predominantly present in the adventitia with irregular changes within 
‘the muscular media (hematoxylin and eosin, 400). 


 ARTERIONEPHROSCLEROSIS. 


FIG. 4.76 Intimal firoplasia There is florid hyperplasia of the intima, in this example completely occluding the 
lumen (elastic stain, x100). 
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| Arterionephrosclero: 


Patients usually have a history of hypertension and may have renal insufficiency and varying pro- 
teinuria, Proteinuria can be in the nephrotic range, particularly if hypertension is severe. Arteri 
nephrosclerosis is associated with renal insufficiency in African Americans more commonly than. 
in Caucasians, 

“Benign” nephrosclerosis results in small kidneys with finely granular surface and thinned cortex 
in late stages (Pig. 477). Microscopically, there is vascular wall medial thickening with frequent affer- 
ent arteriolar hyaline deposits (Figs. 4.78 and 4.79). The hyalinoss is due to endothelial injury and 
increased pressure, leading to an insudate of plasma macromolecules. With accelerated hypertension, 
endothelial cells are swollen and RBC fragments can be trapped within the vessel wall (Fig. 480). Inter 
lobular and larger arteries show varying medial hypertrophy and intimal fibrosis with reduplication of 
the internal elastic lamina (Figs. 131—443]. There are associated focal glomerular ischemic changes 
with variable thickening and wrinkling of the basement membrane, and/or global sclerosis, tubular 
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FIG. 477 Arterionephrosclerosis. The kidney shows a finely granular surface, related to arteriolar sclerosis with 
associated glomerular obsolescence and tubulointerstitial fibrosis. The broad based scar are due to disease in slightly 
larger, interlobular arteries with depressed cortical areas of scarring, 


FIG. 4.78 Arterlonephrosclerosis. Endothelial injury is frequently accompanied by hyalinosis, a lesion due to an 
insudation of plasma proteins. The material is glassy smooth and periodic acid-schiff (PAS)-positve (PAS, х200). 


ARTERIONEPHROSCLEROSIS ИЕ 
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FIG. 4.81 Arterionephrosclerosis. There is duplication of the intima, with intimal fibroplasa, resulting in а thicker, 
les compliant wall of this interlobular artery (periodic acid-Schiff, «200 


FIG. 4.82 Arterionephrosclerosis. There is intimal fibrosis, thickening of the media, and increased thickness of the 
‘adventitia (periodic acid-Schift, x100). 


ARTERIONEPHROSCLEROSIS 


FIG. 483 Arterionephrosceross А large artery shows marked intimal fibroplasia. Adjacent arterioles show severe 
hyalinosis (ones silver stain, x200). 


atrophy and interstitial fibrosis. Global sclerosis can be either of the obsolescent type (ie, glomerular 
tuft sclerosed and Bowman space filled with collagenous material) or of the solidified type (global 
solidification of the tuft without collagenous material within Bowman’ space) (Figs. 4.84-4.58), Solidi- 
fied glomeruli in particular are increased with bypertension-attributable injury, whereas obsolescent 
glomeruli increase nonspecifically with ageing, Globally sclerosed glomeruli can even become contin- 
uous with the surrounding interstitial fibrosis as Bowman's capsule is resorbed. The globally sclerosed 
glomerulus may then be difficult to discern and may even disappear as a recognizable structure, so- 
called “disappearing” glomeruli (see Fig. 4.86). Secondary FSGS may also occur, often with associated 
GBM corrugation and periglomerular fibrosis and subtotal foot process effacement (Figs. 4.89-4.91). 
1а addition, the associated vascular lesions and the clinical history, with hypertension preceding other 
manifestations of renal disease, are useful in favoring a secondary etiology of the segmental sclero 
sis rather than primary FSGS, Immunofluorescence may show trapping of IgM and C3 in glomeruli, 
particularly in sclerosed segments and in areas of hyalinosis Electron microscopy confirms the corru 
gated, wrinkled GBM and ischemic changes with increased lucency of the lamina тага interna without 
immune deposits (Fig 4.92). Some foot process effacement may also be present, especially in areas of 
ischemic corrugation and segmental sclerosis, with less or no effacement in areas without sclerosis 
Overall, foot process effacement is usually not as extensive as in primary FSGS. Hyaline deposits аге 
often present in arterioles as well as in sclerosed segments of glomeruli (Fig. 4.93). 

Although none of these lesions is pathognomonic, the constellation of these changes in the 
absence of other lesions of primary glomerular disease is indicative of arterionephrosclerasis 
(ANS). 


Etiology/Pathogenesis 
Hypertension has been presumed to cause end-organ damage in the kidney. In a large series of renal 
biopsies in patients with essential hypertension, arterionephroscleross was present in 81.2%, and the 
severity of arteriolar sclerosis correlated significantly with level of diastolic blood pressure. However, 
in several large autopsy series of patients with presumed benign hypertension, significant renal lesions 
were rare. Further, the level of blood pressure does not directly predict degree of end-organ damage. 
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terized by solidification of 


basement membrane clearly discernible on silver stain (ones silver stain, 200). 


ARTERIONEPHROSCLEROSIS E 


FIG. 4.86 Arterionephrosclerosis. Two solidified glomeruli are shown, along with an artery with intimal fibraplasia. 
The glomerulus on the far right is becoming resorbed, with dissolution of Bowman's capsule, becoming continuous 
With the surrounding interstitial fibrosis (so-called "disappearing" glomerulus). The adjacent glomerulus is still easily 
recognizable by silver stain, but Bowman's capsule В no longer intact, The remnant of another glomerulus в evident 
on the left, with small area of contours of glomerular basement membrane still visible on silver stain. There is severe 
associated tubular atrophy, so-called thyroidization with interstitial fibrosis (Jones silver stain, 200). 


obsolescent glomerulus has a totally scerosed glomerular tuft with fibrous material filing in and obliterating 
Bowman's capsule. The adjacent artery shows intimal duplication, and there is surrounding tubulointersiial fibrosis 
(periodic acid-Schiff, х200). 
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FIG. 4.88 Arterionephrosclerosis. The obsolescent glomerulus is easily differentiated from the solidified type by silver 
stain, highlighting the retracted, globally sclerosed glomerular tuft and the collagenous material filling in Bowman's 
space. There is surrounding tubulointerstitial fibrosis (Jones silver stain, x200 


FIG. 4.89 Arterionephrosclerosis may also show glomerular lesions, with secondary segmental glomerulasclerasis, 
often characterized by hilar location of segmental sclerosis with associated hyalin, vascular sclerosis, anc 
periglomerular fibrosis 


ARTERIONEPHROSCLEROSIS 


FIG. 4.90 Arterionephroscleross. There may be associated secondary segmental glomeruloscleross, as shown on 
the left, associated with globally sclerotic glomeruli arteriolosclerosis, and arteriosclerosis. There В proportional 
tubulointerstitial fibrosis (ones silver stain, x100). 


FIG. 491 Arterionephrosclerosis. Segmental sclerosis in artrionephroscleross typically has associated periglomerular 
адк орална slamani, vascula cese out of proportion ta sequmsital genns andl ubotal foot process 
effacement (periodic acid-Schi, 200 


African Americans have higher risk for more severe end-organ damage at any level of blood pressure. 
I is possible that underlying microvascular disease causes the hypertension and the renal disease in 
susceptible patients, Underlying causes include possible genetic and structural components 

Low birth weight at term, defined as <2.5 kg, is linked to increased risk of cardiovascular disease 
and hypertension in adulthood. Low birth weight is also associated with fewer nephrons at birth, and 
enlarged glomeruli. Low birth weight occurs more commonly in African Americans than in Cauca- 
sians, and healthy African Americans have larger glomeruli than age- and body mass-matched Cau- 
савана The fewer nephrons are postulated to be exposed to greater hemodynamic stress, In addition, 
genetic andlor epigenetic alterations related to retarded intrauterine development might also play a 
role in augmented fibrotic responses to injuries later in life. 


FIG. 4.82 Arterionephrosclerosis. Although segmental sclerosis was present in this patient with 
arterionephrosclerosis, there is only minimal foot process effacement, and there is segmental increase in lamina rara. 
interna lucent material, and segmental corrugation of the GBM (transmission electron microscopy, 11250] 


Ош biopsy data suggest a different phenotype of scarring in ANS in African Americans versus 
Caucasians. The solidified type of global glomerulosclerosis was more frequent in African Americans, 
contrasting the predominance of the obsolescent type of global sclerosis in Caucasians. The solidified 
type was also associated with more severe disease clinically, echoing its original description as “decom. 

pensated benign nephrosclerosis" 

Whether hypertension causes the ANS, or a subtle primary microvascular renal injury causes 
the hypertension, which in turn accelerates the sclerosis, has not been proven, Allele variants of 
the apolipoprotein AL (APOLI) are increased in African Americans and highly associated with 
increased risk of bypertension-attributable kidney disease and also with inereased nondiabetic 
chronic kidney disease in this population (see Endemic Diseases for further discussion). These 
risk allele variants are protective against some forms of trypanosomiasis, and thus the relatively 
high prevalence in African Americans may have been influenced by natural selection because 
of a survival advantage, The potential mechanisms for increased risk for chronic kidney dis- 
ease are unknown, with postulated mechanisms including effects on innate immunity and on 
podocytes. 


ARTERIONEPHROSCLEROSIS 


Vascular sclerosis and hyalinoss, out of proportion to glomerular/tubulointerstitial lesions 
Extensive global glomerulosclerosis 

‘With or without segmental glomerulosclerosis 

Lamina rara interna expansion and variable foot process effacement by electron microscopy 
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|| Accelerated/Malignant Hypertension 


Malignant or accelerated hypertension is rarer than previously in the United States, However, in 
developing countries, malignant hypertension at initial presentation to the healthcare team is stil not 
uncommon. The average age is 40 years and men are affected more commonly than women. Patients 
may have a history of "benign" hypertension, or present de novo with malignant hypertension, defined 
as blood pressure usually higher than 200/130 mmHg. Fewer than 1% of patients with hypertension, 
either primary or secondary, develop the malignant phase, Patients usually present with severe head- 
aches, vomiting, visual disturbances, stupor, coma, convulsions, congestive heart failure, oliguria, or 
renal failure. Any one or all of the above may be present. Patients may have proteinuria, even nephrotic 
range, which decreases with control of blood pressure, Hematuria may also be present in some patients. 
Severe retinopathy is present with hemorrhage and exudates, with papilledema being present only in 
‘malignant, but not accelerated, hypertension. If left untreated, survival is poor, whereas long-term 
survival is >90% if blood pressure is controlled. 

Malignant (accelerated) nephrosclerosis grossly shows petechial hemorrhage of the surface 
of the kidney, with mottling and occasional areas of infarct (Fig. 4.94). Microscopically, arterioles 
show mucoid change and endothelial cell selling with RBC fragments in accelerated hypertensive 
injury (Fig. 495). In malignant hypertension, there is fibrinoid necrosis of arterioles, and inter- 
lobular arteries in the more chronic phase have a concentric onion-skin pattern of intimal fibro- 
sis (hyperplastic arteriolopathy), overlapping with the appearance of scleroderma and TMA 
(Figs. 496-498), Larger arteries do not usually show specific lesions in primary malignant hyper- 
tension. In secondary hypertension, there may be underlying intimal fibrosis and duplication of the. 
elastica. Glomeruli may be normal, or show focal segmental necrosis or severe congestion. With more 
chronic, ongoing injury, there is corrugation of the GBM with occasional duplication (Figs. 4.99 and 
4.100). These changes typically are superimposed on lesions of benign ANS, such as medial hypertro 
phy, arteriolar hyaline, intimal fibrosis, and global glomerulosclerosis with proportional tubulointersti- 
tial fibrosis. By immunofluorescence, there may be trapping of IgM and C3 in sclerotic areas, Necrotic 
vessels and glomeruli may stain for fibrinogen. Electron microscopy shows corrugation of the СВМ 
and expansion of the lamina rara interna (Fig 4.101). Foot processes may show segmental effacement, 
Fibrin tactoids may be visualized by electron microscopy, There are no immune complexes 


ACCELERATED/MALIGNANT HYPERTENSION CA 


FIG. 4.94 Malignant hypertension. Gross, there are petechial hemorrhages, secondary to the arteriolar necrosis, 
giving rise to a "fies-biten" appearance. 


FIG. 495 Accelerated hypertension. There is endothelial swelling and mucoid change with red blood cell fragments 
Within the wall, but without frank fibrinoid necrosis, associated with accelerated hypertension (Jones silver stain, 
200). 
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of the glomerulus. There is surrounding tubulointerstitial fibrosis. This appearance cannot be distinguished. 
‘morphologically from the acute injury in systemic sclerosis, and cinicopathologie correlation is needed (hematoxylin 
and eosin, x200). 


ЫЕ Гат M AS аъ al а 4 
RG. 497 Malignant hypertension, Anintrobular artery коде by swollen endothelial clis with karyorrhectic 


debris, occasional polymorphonuclear leukocytes, and chunks of fibrin within the swollen endothelium. The media is 
still intact (Jones silver stain, x200). 


ACCELERATED/MALIGNANT HYPERTENSION КЕ 


FIG. 4.98 Malignant hypertension. There is extensive injury of the interlobular artery, with occlusion by endothelial 
swelling with mucoid change and fibrin thrombi, with fibrinoid necrosis extending into the media (Masson trichrome 
stain, x400). 


FIG. 4.99 Malignant hypertension. There is endothelial swelling and fibrin occluding the arteriole at the glomerular 
hilus, with ischemic retraction of the glomerular tuft Jones silver stain, #400). 


| CHAPTER 4 VASCULAR DISEASES 


у 
l; © Le Ob 

FIG. 4.100 Malignant hypertension. Even glomeruli without thrombotic occlusion may show ischemic injury with 

Comugaton ofthe glomerar basement membrane and segmental duplication (опе ser stain, od 


FIG. 4.101 Malignant hypertension. There is expansion of the lamina rara interna and corrugation of the glomerular 
basement membrane, with segmental effacement of the overlying foot processes (transmission electron microscopy, 
E 


Etiology/Pathogenesis 

Hyperplastic arteriolar lesions and fibrinoid necrosis of the arterioles plays a key role in development 
ofthe signs and symptoms, However, the etiology is unknown. Abnormalities in the renin-angiotensin 
system have been postulated to play a role. An animal model with rats transgenic for renin mirrors 
many aspects of malignant hypertension 


^ Fibrinoid necrosis of arterioles in acute stage 
= Mucoid change, ed blood cell fragments in vessel wall in subacute stage 
^ Onion-skinning of arterioles in chronic stage 


 ATHEROEMBOLI 
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| Atheroemboli 


Atheroembolic disease occurs in older patients who have underlying atherosclerosis. Меп are more 
frequently affected than women, reflecting higher incidence of atherosclerotic disease. Cholesterol 
emboli most often involve multiple organs, and have been reported in virtually all tissues. The kidney 
is the most commonly involved organ at autopsy (75%), followed by spleen (55%), pancreas (52%), 
gastrointestinal tract (31%), and the adrenals (20%). 

"The histologic diagnosis of cholesterol emboli is based on the finding of the characteristic needle- 
shaped slits of dissolved cholesterol crystals in the lumina of blood vessels (Figs. 4102-4106). The 
crystals are dissolved by routine tissue processing, but are birefringent and stain positive for fat on. 
frozen section, The cholesterol emboli usually lodge in vessels of 150-300 pm diameter. In the kidney, 
therefore, the lesions are most common in arcuate and interlobular arteries, although glomeruli may 
also be involved (Fig. 4.107). When there is massive showering of cholesterol emboli, there may be 
patchy cortical necrosis and tubular necrosis and injury secondary to ischemia. Ifthe process is more 
gradual, there may bea mixture of necrosis due to acute local ischemia from occluded vessels and more 
chronic ischemic changes such as glomerular scarring, tubular atrophy and interstitial fibrosis. The 
carly response, based on animal models, consists of mononuclear cell infiltration in the vessel and før- 
sign body giant cell reaction surrounding the crystals (see Fig. 4.103). Polymorphonuclear leukocytes 
and eosinophils may also he seen transiently in the vessel lumen inthe first 24 hours after embolization 
(see Fig 4.105). The vessel may then become thrombosed in the subacute stage from 24 to 72 hours. 
After the initial acute phase of injury, there is endothelial cell proliferation and intravascular fibrosis 
(see Fig 4.105), Cholesterol crystals may remain detectable for as long as 9 months after the acute event. 

Immunofluorescence and electron microscopy show no specifie changes, but occasionally the tissue 
submitted for these studies may contain the only cholesterol emboli in the biopsy (Figs. 4.108 and 4-109), 
Diagnostic cholesterol emboli are very localized, and multiple step sections and examination ofall tis- 
sue are necessary to ensure optimal detection. Cholesterol emboli are typically present superimposed on 
changes ofarterionephrosclerosis, that is, sclerosis ofarterioles and arteries and global glomerulosclerosis 
(Fig. 4.106). Rarely, there may be associated focal segmental glomerulosclerosls, likely secondary, and 
significant proteinuria. 


Etiology/Pathogenesis 
Atherosclerosis is the requisite underlying condition far occurrence of atheroembolt. Cholesterol 
emboli may happen spontaneously, or more commonly following invasive procedures or vascular 
surgery. In autopsies of patients with mild atherosclerosis of the aorta, cholesterol emboli were rare 
(17-48). rising to 7-30% in patients with severe disease or abdominal aortic aneurysms. Same 25% of 
patients who bad undergone aortography had cholesterol emboli, and in patients who had undergone 
resection ofan abdominal aneurysm, cholesterol emboli were present in 77%, 

"The surface of the atheromatous plaque is covered by endothelial cells with an underlying fibrous. 
cap, consisting of smooth muscle cells, macrophages, and extracellular matrix proteins. The center 
of the plaque contains necrotic cellular debris, cholesterol bound to proteins and cholesteryl esters, 
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lodge in arterioles and interlobular arteries. Multiple cleft-shaped 
spaces, reflecting the empty space left after dissolution of the cholesterol by standard processing, are present in 
the artery in the middle, with surrounding inflammatory cell reaction. In the first weeks after initial showering of 
cholesterol emboli, this infiltrate consists primarily of mononuclear cells. An older lesion, more organized and with 
more subtle cholesterol emboli, в seen in the arteriole onthe right, with a single left ke space and surrounding 
hyperplasia and fibrosis of the arteriole (hematoxylin and eosin, x100). 


его! emboli is shown, with multiple stacks of varying shapes 
rounding giant cel and mononuclear cell reaction. There is minimal fibrosis 


(Masson trichrome stain, x200). 


ATHEROS EN 


with а mix of polymorphonuriear leukocytes and monocytes with red blood cell fragments, fibrin, and platelets 
surrounding the «еке spaces occluding this interlobular artery (hematoxylin and eosin, x200). 


FIG. 4.105 Atheroemiboli intimal fibrosis and mild cell proliferation with occasional mononuclear cells are seen in 
‘this artery with a single cleft-like space, representing а dissolved cholesterol embolus. When these def ike spaces 
are oriented at an angle parallel to the lumen of the artery, they may easily be overlooked (hematoxylin and eosin, 
5200) 
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FIG. 4.106 Atheroemboli. A single, small inconspicuous cholesterol embolus was present in this patient, who 
presented with acute worsening of hypertension and acute decline in renal function, There is surrounding. 
mononuclear cell reaction and underlying arteriosclerosis (ones silver stain, 200). 


FIG. 4.107 Atheroemboli. Cholesterol emboli may rarely enter the glomerulus. Here there is focal surrounding 
mononuciear cell reaction. Numerous cholesterol emboli were found in other arterioles and arteries in this patient 
(periodic acd-Schi, x400) 


FIG. 4.108 Atheroemboli Occasionally the only cholesterol embolus in the sample may be present in the sample 
dedicated for electron microscopy. The clear needle-shaped space left by the cholesterol crystal is illustrated, with 
surrounding foamy macrophage reaction (transmission electron microscopy, x6000) 


FIG. 4.109 Atheroemboli, The needle-shaped space left by the cholesterol crystal is seen distorting and pushing the 
endothelium inthis small arteriole (transmission electron microscopy, x3000 
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macrophages, and foam cells. When the plaque ruptures, grumous fluid extrudes (athere, Greek for 
gruel), including the cholesterol crystals, which shower the organs below the site of plaque rupture. 
Atherosclerotic plaques are much more common in the abdominal aorta than in the thoracic aorta and 
havea particular propensity for the areas adjacent to or surrounding the ostia of branch vessels. Thus, 
the distribution of cholesterol emboli is largely to organs below the diaphragm. The crystals invoke 
a local inflammatory reaction, with early platelets, fibrin, and later monocytelmacrophage reaction, 
Recent studies indicate that many different types of erystals in various anatomic locations can act as a 
“danger signal” and activate innate immunity via the inflammasome, particularly the NACHT, LRR, 
and PYD domains-containing protein (NLRP), 
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CHAPTERS TUBULOINTERSTITIAL DISEASES 


| introduction 


The tubulointerstitial compartment is affected in all forms of renal disease with changes that include 
tubular epithelial injury, atrophy, bypertrophy/hyperplasia and fibrosis. These changes can be primary, 
‘with the tubule and interstitium as the target of damage, but are often secondary to glomerular ог 
vascular disease, where tubular atrophy and interstitial scarring accompany the primary glomerular 
‘or vascular disease, This chapter is focused on those tubular and interstitial diseases where the tubules 
and interstitium are the primary targets of the pathogenic process and that result in structural and 
Functional alterations 

Primary tubular and interstitial diseases are а group of diverse renal diseases with involvement of 
the renal tubules and interstitium resulting from a variety of different etiologies and pathogenic mech- 
anisms, The various etiologies and mechanisms include infection, obstruction, immune-mediated, 
ischemic, and toxic tubular and interstitial injury (Table 5.1). Despite the diverse etiology, the clinical 
presentations usually have great similarities. In acute cases, the clinical presentation may be so severe 
asto result in acute renal failure. In less severe and chronic cases, the functional manifestations usually 
include impaired urinary concentrating ability, impaired ability to secrete acid into the urine with renal 
tubular acidosis, diminished reabsorption of sodium, hyperkalemia, and azotemia. In advanced cases, 
the presentation may be that of chronic renal failure or end-stage kidney disease, In cases of moderate 
renal failure, a sudden worsening of renal failure may herald an activation of a new tubulointerstitial 
nephritis. It is under circumstances such as these that renal biopsy is often performed to identify the 
underlying process 

‘The World Health Organization (WHO) Collaborating Center far Histologic Classification of 
Renal Diseases proposed a new classification that takes into account the etiologie, pathogenetic, and 
clinical features in addition to the histology (Table 5.2). In this chapter, the focus is on morphology as 
applied to renal biopsy diagnosis. 


Etiologies of Tubular and In 


Infections 
Bacterial 
Viral 
Parasitic 
Toxins 
Drug-induced 
* Direct toxic mediated 
* Hypersensitivity mediated 
Environmental toxins 
* Heavy metals 
Hydrocarbons 
* Fungal toxins 
Metabolic diseases 
Diabetes. 
Hypercalcemia 
Urate nephropathy 
Oxalate nephropathy 
Physical 
Obstruction 
Radiation 
Vascular disease 
Acute tubular injury 
Arterionephroscierosis 
Neoplasms 
Lymphoma 
Multiple myeloma 


ACUTE PYELONEPHRITIS 


TABLE 5.2 | World Health Organi 


Infection 
‘Acute infectious tubulointerstital nephritis 
‘Acute tubulointersttial nephritis associated with systemic infection 
Chronic infectious tubulointersttial nephritis (chronic pyelonephritis) 
Specific renal infection 
Drug-induced tubulointerstitil nephritis 
Acute drug-induced tubulotoxic injury 
Drug-induced hypersensitivity tubulointerstitial nephritis 
Chronic drug-induced tubulointerstitial nephritis 
Tubulointerstitial nephritis associated with immune disorders 
Induced by antibodies reacting with tubular antigens 
Induced by autologous or exogenous antigen-antibody complexes 
Induced by, or associated with, cell-mediated hypersensitivity 
Induced by immediate (lg-type) hypersensitivity 
Obstructive uropathy 
Vesicoureteral reflux-associated nephropathy (reflux nephropathy) 
Tubulointerstitial nephritis associated with papillary necrosis 


Heavy metal-induced tubular and tubulointerstitial lesions 
Acute tubular injury/necrosis 

Toxic. 

Ischemic 


Tubular and tubulointerstitial nephropathy caused by metabolic disturbances 
Hereditary renal tubuleinterstitial disorders 
Tubulointerstitial nephritis associated with neoplastic disorders 
Tubulointerstitial lesions in glomerular and vascular diseases 
Miscellaneous disorders 

Balkan endemic nephropathy 


o: 


|| Infections of the Kidney 


Infection is a major cause of tubulointerstitial nephritis. In the WHO classification, four different 

forms of renal involvement are described 

1. Acute infectious tubulointerstitial nephritis, which is the result of the direct invasion of the renal 
parenchyma by microorganisms and subsequent proliferation of bacteria, fangi, or viruses: Classi- 

cal acute bacterial pyelonephritis is the paradigm of this form. 

Acute tubulointerstitial nephritis associated with systemic infection but not caused by direct renal 

infection, which may be due to a hypersensitivity reaction: The histologic picture is often similar to 

that of drug-induced tubulointerstitial nephritis, The interstitial nephritis associated with Legion- 

maires disease is an example of this type of involvement. 


3, Chronic infectious tubulointerstitial nephritis in which bacteria have an important role but in 
‘which renal injury may persist and occur in the absence of continued bacterial infection: xantho 
granulomatous pyelonephritis and malakoplakia are examples. 

а, Specific renal infections such as tuberculosis and leprosy, which have distinctive histologic mani 
estations that are similar to involvement by these organisms in other organ systems. 


| Acute Pyelonephritis 


In acute bacterial pyelonephritis associated with ascending infection, the inflammatory infiltrate 
is predominately polymorphonuclear, involving both medullary and cortical portions of the kid- 
ney. Polymorphonuclear leukocytes are present within the tubular lumina and invade the tubular 
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FIG. 5.1 Acute pyelonephritis. Low-power image of a renal biopsy showing diffuse interstitial infiltrate that is 
predominately polymorphonuclear and leukocytic. There is interstitial edema; some tubular atrophy and leukocytes 
can be seen inthe lumen of the tubules (hematoxylin and eosin, x100) 


epithelium, and they are abundantly present in the interstitium (Fig. 5.1). Areas of necrosis and 
abscess formation may be seen as well, Hematogenous infection of the kidney results in the pres- 
ence of numerous small cortical abscesses without significant medullary involvement (Fig. 52). 
‘The abscesses are frequently glomerulocentric, and tubular involvement may not be as prominent 
Fig. 5.3). While the presence of a neutrophilic invasion of the tubular lumina or of abscesses is 
characteristic of acute bacterial tubulointerstitial nephritis (Figs. 5.4-5.6), it should be remem- 

bered that the cellular infiltrate frequently includes some lymphocytes, plasma cells, macro 

phages, and occasionally eosinophils, and the differential diagnosis should include consideration 
of the possibility of idiopathic or drug-induced tubulointerstitial nephritis that is not infectious 
In addition, in viral renal infections such as with adenovirus and hantavirus, the infiltrate is often 
hemorrhagic and mononuclear cells tend to predominate (Figs. 5.7, 5.8). 


Etiology/Pathogenesis 
Acute, uncomplicated pyelonephritis typically occurs in healthy young women and must be distin 

guished from acute, complicated pyelonephritis (ie, in the presence of obstruction or reflux) and from 
chronic pyelonephritis. Acute infectious tabulointersttial nephritis is generally designated as pyelo 

nephritis, implying that there is involvement of the collecting system as well as the renal parenchyma 
by the inflammatory process. Both acute and chronic pyelonephritis are frequently associated with 
congenital or acquired obstructive lesions of the lower urinary tract or are associated with conditions 
resulting in retention of residual urine in the bladder. А variety of pathogens can be identified using 
staining techniques for microorganism identification, which include Brown-Drenn, periodie acid 
Schiff (PAS), and Grocott silver stains. Uropathogenic Escherichia coli is the major causative pathogen 
in both uncomplicated upper and lower urinary tract infection in young women, being present in 
approximately 70% to 95% of cases, Uropathogenic E сой bind to the bladder mucosa using type 1 pil 
that are essential for virulence. Substances in urine can inhibit the expression of pili, and the organ- 
isms can populate the bladder urine, resulting in asymptomatic bacteriuria without active infection 
In older age groups, there is an increase in infections due to Klebsiella species (6% in women and 11% 
in men) and Enterococcus species (3% in women and 7% in men). Hematogenous infections are most 
frequently caused by Staphylococcus aureus or atypical bacteria (Mycobacterium avium-intracellulare 
ог Ehrlichia) (Figs 5.9, 5.10) or fungal organisms such as Candida and Aspergillus. These are especially 
important in immunosuppressed individuals, Although renal biopsy rarely gives a sampling of the 
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FIG, 5.3 Acute pyelonephritis with abscess formation. The abscesses are frequently glomerulocentric and are 


destructive of the renal parenchyma (hematoxylin and eosin, 200) 
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FIG. 5.4 Acute pyelonephritis. The infectious nature of an active interstitial nephritis is best identified by the 
presence of polymorphonuciear leukocytes within the lumen of the tubules (hematoxylin and eosin, x400), 


742.3 253 3 
FIG. 5.5 Acute pyelonephritis. Not only is infiltration of polymorphonuclear leukocytes present within the 
interstitium and in the tubular lumens, but evidence of tubulitis also is seen (hematoxylin and eosin, x400} 


renal papilla and pelvis, it is important to remember that these structures are involved in infection. 
Genetic factors may be associated with risk of acquiring acute pyelonephritis in children and adults 
A case-control study of women suggested that polymorphisms in Toll-like receptor pathway genes are 
associated with altered risk of acute pyelonephritis. 


^ Intratubular plugs of polymorphonuclear leukocytes. 
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D E Nee * 
RE. 57 Acte pyelonephritis. Мн ors may mimic acute pyelonephritis buta оеп be distinguished by 


‘the presence of atypical tubular epithelial cells Viral infection is described separately later, see p. 380 and Chapter 8 
(hematoxylin and eosin, «400 original magnification). 
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FIG. 5.8 Acute pyelonephritis. Viral infections may mimic acute pyelonephritis but can often be distinguished by 
‘the presence of atypical tubular epithelial cells. Here herpes virus is detected in the nucleus (transmission electron 
microscopy, 20,000), 


FIG. 5.9 Acute pyelonephritis. Atypical microorganisms also can be found. Mycobacterium avium-intracelular is 
seen in this example (Ziehl-Neelson, x400). 
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FIG. 5.10 Acute pyelonephritis. Atypical microorganisms also can be found. Intracellular Ehrlichia was found in this 
biopsy (transmission electron microscopy x800). 


+ Polymorphonuclear leukocytes may be associated with degenerated cells or may be a reaction 
to crystals such asin light chain cast nephropathy (LCCN). These can be distinguished by 
examination of the tissue for such crystals and by immunofluorescent staining to detect mono- 
donal staining in LCCN. 


Hawn, TRL, Scholes, D, Li, 5. et al, 2009. Toll-like receptor polymorphisms and susceptibility to urinary 
tract infections in adult women. PLoS One 4, e5990. 

Ki, M., Park, Т, Choi, B. et al, 2004, The epidemiology of acute pyelonephritis in South Korea, 1997-1999 
American Journal of Epidemiology 160, 985-993. 

Scholes, D. Hooton, ТМ, Roberts R.L, et al, 2005. Risk factors associated with acute pyelonephritis in 
healthy women. Annals of Internal Medicine 142, 20- 


s and Reflux Nephropathy 


Chromic pyelonephritis is a controversial term. It is often difficult to separate chronic infectious tubu- 
lointersitial nephritis oF true chronic pyelonephritis from many other chronic interstitial diseases, 
as the histologic changes are relatively nonspecific. Chronic interstitial scarring, tubular atrophy, and 
the presence of an infiltrate of lymphocytes and plasma cells are lesions common to many disorders, 
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Similar changes can be seen in arterionephroscleross, chronic urinary tract obstruction, chronic glo- 
‘merular diseases, diabetic nephropathy, and numerous other causes. For this reason, chronic infec- 
tious tubular interstitial nephritis cannot be diagnosed with any degree of certainty оп the basis of 
limited sampling usually achieved by renal biopsy. A better diagnosis can be made when information. 
concerning the renal papilla, calyces, and pelvis is available from radiologic examination as well as the 
gross morphology of the kidney obtained with sophisticated imaging techniques such as ultrasonogra- 
phy or magnetic resonance imaging. 

Chronic pyelonephritis results in a coarse renal scarring that is characterstically focal in its dis- 
tribution. Microscopically, the findings consist of tubular atrophy, interstitial scarring, and a chronic 
inflammatory infiltrate (Figs. 5.11-5.13). The tubules are either collapsed or dilated and lined by a 


FIG. 5.11 Chronic pyelonephritis manifests a nonspecific interstitial infiltrate, predominately with lymphocytes. 
There is evidence of destruction of the renal parenchyma with atrophy of tubules (hematoxylin and eosin, x200). 


FIG. 5.12 Chronic pyelonephritis shows a nonspecific interstitial infiltrate, predominately with lymphocytes. The 
parenchyma is diffusely infiltrated (hematoxylin and eosin, x200). 


CHRONIC PYELONEPHRITIS AND REFLUX NEPHROPATHY ETE 


fattened epithelium and sometimes filled with colloid casts (Fig, 5.14). This latter pattern has been. 
termed thyroidization. The inflammatory infiltrate is quite variable but consists predominately of lym- 
phocytes as well as plasma cells and, toa lesser extent, mononuclear cells И may contain neutrophils if 
there is continued active infection. 

In chronic pyelonephritis associated with reflux or obstruction, Tamm-Horsfall protein can be 
identified in the interstitium by the presence of strongly PAS-positive, amorphous or finely fibrillar 
material. In instances where reflux has contributed t the development of chronic pyelonephritis, focal 


FIG. 5.13 Chronic pyelonephritis. Tubules are filled with proteinaceous cass associated with a diffuse interstitial 
infiltrate of lymphocytes and interstitial scarring (nematexyln and eosin, 200) 


FIG. 5.14 Chronic pyelonephritis. Scarring may be extensive, with marked destruction af the normal architecture 
leading to end-stage renal disease. The dilation of the tubules filled with proteinaceous material has often been 
termed thyraidizaion (hematoxylin and eosin, x200). 
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and segmental glomerulosclerasis may be extremely prominent and may suggest the possibility of 
a primary glomerular lesion. The histopathologic changes of chronic pyelonephritis have also been 
described with so-called reflux nephropathy associated with vesicoureteral reflux. 


Etiology/Pathogenesis 

Chronic pyelonephritis is the consequence of persistence of untreated and incompletely resolved 
acute pyelonephritis and thus has many of the same risk factors and pathogenese. In addition, struc- 
tural abnormalities promoting reflux contribute to the lesions of chronic pyelonephritis and reflux 
nephropathy. 


Key Diagnostic Features of Chronic Pyelonephritis/Reflux Nephritis 


= Jigsaw pattern/geographic pattern of scarring 
+ Thyroidization of tubules (suggestive, not pathognomonic) 


Differential Diagnosis of Reflux Nephropathy/Chronic Pyelonephritis 


«This must be distinguished from scaring due to vascular disease, based оп the more extensive vas- 
cular sclerosis sen in that entity, and from primary focal segmental glomerulosclerosis (see FSGS, 
Chapter 3). 

^ Other specific causes of chronic tubulointerstitial scarring, such as viral infection, erystls or 
drugs, must be excluded by examining for viral change, crystals (including polarization of tissue), 
and features of hypersensitivity reaction such as eosinophils and/or non-necrotizing granulomas. 


Selected Reading 
Tlkof- Rubin, NE RR, 1983. Urinary tract infection. In: Cotran, R-S. (Ed), Tiubulo-interstitial nephropa- 
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| Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is a distinct type of infectious pyelonephritis, It occurs most 
ofen in middle-aged women with a history of recurrent urinary tract infections, is almost always 
unilateral, and can cause a mass lesion on x-rays that can mimic renal tumors, Microscopically, there 
isa diffuse granulomatous inflammatory infiltrate, which includes large numbers of foamy histiocytes 
and occasional multinucleated giant cells in addition to lymphocytes, plasma cells, and neutrophils 
(Figs. 5.15-5.17). The lesion is destructive, and renal parenchyma may not be easily identified within 
affected areas, 


Etiology/Pathogenesis 

E. coli is the most frequently associated etiologic agent, but Proteus mirabilis and S. aureus have also 
been reported as causative agents, It is due to а defect in macrophage processing of bacteria. Occa- 

sionally, microabscesses containing basophilic bacterial colonies surrounded by eosinophilic homoge 

neous material (botryomycosis) can be identified. 
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FIG. 5.15 Xanthogranulomatous pyelonephritis is a distinct type of infectious pyelonephritis. There В a diffuse 
granulomatous infiltrate, which includes macrophages as well as polymorphonuclear leukocytes (hematoxylin and 
eosin, 200). 


ss SCARE he 


FIG. 5.16 Xanthogranulomatous pyelonephritis. Granulomatous structures can involve both cortex and medulla, as seen 
here. Micraabscesses containing eosinophilic, homogeneous material are ala present (hematoxylin and eosin, 100) 
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inflammatory infiltrate (hematoxylin and eosin, «200. 
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| Malakoplakia 


Malskoplakia has a gross and microscopic appearance similar to xanthogranulomatous pyelonephritis 
Confluent nodules of the homogeneous yellowish-tan tissue are seen to replace large areas of renal 
parenchyma grossly. Microscopically there is an inflammatory infiltrate, which consists of histiocytes 
‘with relatively few lymphocytes and plasma cells (Fig, 5.18). Characteristic Michaelis- Gutmann bod- 
ies are found both within cells and extracellularly in the stroma (Fig. 5.19). These caleospherites stain 
positively with von Kossa stain (stains the phosphate in calcium phosphate crystals) and PAS and are 
‘thought to represent an aggregation of calcium-containing crystals induced by a central nidus of bacte- 
rial breakdown products; fibroblastic proliferation and scarring are extremely prominent. 


Etiology/Pathogenesis 
Malakoplakia is an unusual consequence of an inflammatory reaction, most frequently secondary to 
infection by E. coll and is thought to be initiated by inadequate clearance of bacteria, perhaps related 
to immune deficiency or leukocyte abnormalities. It is similar to xanthogranulomatous pyelonephritis 
and may represent a chronic sequela of this proces. 


Ак 8‏ تن 


FIG. 5.18 Malakoplakia. There is prominent fibroblastic proliferation and inflammatory infiltrate, with numerous 
histiocytes and oniy scattered lymphocytes and plasma cells (hematoxylin and eosin, 200) 


c МЕКЕ I a 
Fic. 5.19 Malakoplakia, Characteristic Michaels Gutmann body with central core visualized by electron microscopy 
{onsmision electron miescopy 8000) 
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| Acute Tubulointerstitial Nephritis—viral Infection 


Bacterial infections result in predominantly ntratubular polymorphonuclear leukocytes, characteris- 
tic of acute pyelonephritis (see earlier section, Acute Pyelonephritis). Viral infections may give rise to 
a more predominantly chronic interstitial infiltrate, with admixed mononuclear cells and more scarce 
polymorphonuclear leukocytes. In viral renal infections such as with adenovirus and hantavirus, the 
interstitium is often hemorrhagic and mononuclear cells tend to predominate (see Fig. 5.7). Other 
viruses may also infect the kidney, notably HIV, BK virus, and cytomegalovirus, and are discussed in 
Chapter 8 under the transplantation section and under HIV-associated nephropathy (Chapter 3). 


Etiology/Pathogenesis 
Viruses may cause renal injury by direct parenchymal infection (eg, cytomegalovirus) andlor by cyto- 

kine injury secondary to systemic and/or infiltrating cll or dendritic сей infection. Direct evidence of 
parenchymal infection may be seen by viral inclusions or cytopathic changes with enlarged, smudgy 
nuclei. Adenovirus infection occurs in immunocompromised hosts. In contrast, hantavirus infection 
may occur in immunocompetent patients. The varying clinical syndromes due to hantavirus in Europe 
versus the United States appear to reflect differences in the carrier rodent population. Subclinical 
hantavirus infection has been postulated to result in hypertension consequent to parenchymal scar. 
ring, based on serological studies however, the causality has not been proven. 
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| Acute Tubulointerstitial Nephritis—Drug-Related 


Acute interstitial nephritis is most often induced by drug therapy. Although the clinical manifestations 
may be variable, they are usually heralded by fever and hematuria as well as azotemia. Eosinophilia occurs 
in a majority of cases. Urinalysis reveals hematuria, sterile pyuria, and moderate proteinuria. Eosinophils 
may be detected in the urinary sediment. A skin rash is seen in some patients, lending support to the con- 
cept that the disease is immunologically mediated. The azotemia may be severe, and patients may present 
‘with acute renal failure, leading to the use of the renal biopsy as a diagnostic procedure. 

One of the most distinguishing features of acute drug-induced tubulointerstitial nephritis is the 
nature ofthe interstitial infiltrate. The interstitium is edematous with tubules separated by a pale-stain- 
ing interstitium (in contrast to the dense staining of fibrosis) and infiltrated with a significant number 
‘of eosinophils and mononuclear cells (Figs. 5.20-5.22). The infiltrate is characteristically focal and 
most prominent at the cortical medullary junction and often surrounds individual tubules. The mono. 
nuclear portion of the infiltrate is predominately T lymphocytes with CD8* cells predominating and. 
functioning as effectors of injury. CD4" cells are also present, suggesting а regulatory role Macrophages 
and plasma cells that sometimes form granulomas are present in more advanced lesions (Figs. 5.23, 
5.24) The eosinophils tend to concentrate in small foci and may form eosinophilic microabscesses, but 
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FIG. 5.20 Acute interstitial nephritis, There is a diffuse interstitial infiltrate with evidence of interstitial edema. 
Glomeruli are relatively well preserved (hematoxylin and eosin, x100). 


FG, 
‘throughout the interstitium; the tubule lumina are relatively free of leukocytic infiltrate (hematoxylin and eosin, x200). 


their absence does not rule out a drug-induced etiology (Pigs. 525, 5.26). Neutrophils can be present 
but are uncommon (Fig, 527). second distinguishing characteristic is the presence of tubulitis (Figs. 
528, 5.29). Particularly with PAS stains, lymphocytes can be seen invading the tubules beneath the 
tubular basement membrane (TBM). Variable degrees of tubular epithelial cell damage (Figs. 5.30- 
5.32) with evidence of regeneration, as identified by the presence of mitotic figures and pleomorphic 
nuclei, are almost always found, but extensive necrosis of the epithelium is rare. 
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FIG. 5.22 Acute interstitial nephritis. There is infiltration of the tubules by the interstitial infiltrate, which is 
distinctive of tubulitis (hematoxylin and eosin, x400). 


FIG. 5.23 Acute interstitial nephritis. The mononuclear infiltrate is accompanied by abundant eosinophils and may 
have a granulomatous appearance (hematoxylin and eosin, «д0 
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FIG. 5.24 Acute interstitial nephritis, The ranulomata often involve the tubules in а destructive fashion 
(hematoxylin and eosin, x400). 


FIG. 525 Acute interstitial nephritis. The eosinophilic infiltrate can sometimes be dense and form small eosinophilic 
abscesses (hematoxylin and eosin, x200). 
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FIG. 527 Acute interstitial nephritis, Neutrophils may be present but are relatively uncommon (hematoxylin and 


eosin, x400). 


b ES S, 


Etiology. sis 

It is now widely recognized that a large variety of drugs, including actam antibiotics, nonsteroidal 
antiinflammatory drugs, diuretics, anticonvulsants, proton pump inhibitors, and an increasingly diverse 
group of other drugs, can be associated with an allergic acute tubular interstitial nephritis. The recent 
introduction of PD-I inhibitors in cancer immunotherapy has been associated with the development 
of allergic interstitial nephritis, suggesting that loss of tolerance may contribute to its pathogenesis 
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FIG. 5.28 Acute interstitial nephritis. High-power image of tubulitis demonstrating interstitial edema and invasion of 
‘the tubular epithelium by lymphocytes (hematoxylin and eosin, x400). 


FIG. 5.29 Acute interstitial nephritis. Electron micrograph demonstrates the mononuclear infiltrate with eosinophils, 
Plasma cells and activated lymphocytes (transmission electron microscopy, x2000) 


FIG. 5.30 Acute interstitial nephritis. Mononuclear cells traversing the endothelium af a peritubular capillary are 
shown (transmission electron microscopy, 2000). 


FIG. 531 Acute interstitial nephritis, Varying degrees of epithelial damage are present, demonstrated here by loss of 
‘the apical membrane and swelling of the cells (transmission electron microscopy, 3000], 


TUBULOINTERSTITIAL NEPHRITIS WITH UVEITIS 


FIG. 532 Acute interstitial nephritis. More severe damage with evidence of celu 
electron microscopy, 4000) 


necrosis is also seen (transmission 


Although drugs have been implicated in most cases of allergic interstitial nephritis, additional causes 
include autoimmune disorders. A similar picture can be found in patients with lupus nephritis and rarely 
їп association with anti-TBM antibodies. Bopsy-proven instances of acute oliguric tubular interstitial 
nephritis with a similar histologic picture but without any known drug exposure have also been reported, 


| Tubulointerstitial Nephritis With Uveitis 


One special group includes the association of acute tubulointerstitial nephritis with uveitis (ie, TINU 
syndrome) and bone marrow and lymph node granulomas. This syndrome occurs predominately in 
adolescent girls and young women and is presumed to have an autoimmune etiology. The infiltrate is 
similar to that of drug-induced tubulointerstitial nephritis with no specifie distinguishing features, 
This entity must be distinguished from renal sarcoid involvement, which also characteristically has 
numerous, even at times confluent, granulomas, 


Selected Reading 

Haas, M. Spargo, AHL, Wit EJ, et al, 2000. Etiologies and outcome of acute renal insufficiency in older 
adults a renal biopsy study of 259 cases. American Journal of Kidney Diseases 35, 544-546. 

Marlithi, A.K., Leung, N., Valeri, A.M. etal, 2014. Biopsy-proven acute interstitial nephritis, 1993-2011: a 
case series, American Journal of Kidney Diseases 64, 558-366. 

Perazella, M.A., Markowitz, G5, 2010. Drug-induced acute interstitial nephritis Nature Reviews Nephrol- 
ogy 6, 461-470. 

Rastegar, A. Kashgarian, М, 1998. The clinical spectrum of tubulointerstitial nephritis. Kidney Interna- 
tional 54, 313-327. 


388 


CHAPTERS TUBULOINTERSTITIAL DISEASES 


| Anti-Tubular Basement Membrane Antibody Nephritis 


Anti-TBM antibody nephritis is very rare and presents with acute kidney injury with increased serum. 
creatinine. By light microscopy, there is ymphoplasmacytic interstitial infiltrate with occasional neu- 
trophils, with tubulitis and associated acute tubular injury with vacuolation, sloughing of tubular 
epithelial cells, and edema (Pigs. 5.33, 5.34). There are no specific changes in glomeruli or arteries, 
except when anti- TBM staining is associated with ant-glomerular basement membrane (anti-GBM) 
antibody glomerulonephritis. In such cases, glomeruli show destructive, crescente lesions. Dy immu- 
nofluorescence microscopy there is intense linear staining along ТВ М» with immunoglobulin G (IgG) 
(Figs. 5.35, 536), most often associated with complement that may be discontinuous or continuous 
linear. Deposits are not visualized by electron microscopy. 


Etiology/Pathogenesis 

Primary anti-TBM antibodies are exceedingly rare, but they have been described in some patients as 
related toa 58-KDa protein called tubulointerstitial nephritis antigen. This antibody reaction may occa- 
sionally be triggered by drug exposure and is also rarely seen in the transplanted kidney. Anti- TBM 
antibodies have been detected in 50% to 70% of patients with anti-GBM antibody glomerulonepbritis, 
but typically with only focal and less intense TBM linear IgG staining, Patients with membranous 
nephropathy may rarely have anti-TBM antibodies, in most cases directed against the tubulointerstitial 
nephritis antigen. In the transplant setting, the occasional appearance of anti-TBM linear staining is 
‘thought to be related to antigenic polymorphism and does not affect prognosis or outcome. 


‘Intense interstitial nephritis with lymphoplasmacytic infiltrate with occasional neutrophils 
+ Linear deposition of IgG and complement C3 along ТВМ 


acute tubular injury (periodic acd-Schi, x200). TBM, Tubular basement membrane. 


ANTL-TUBULAR BASEMENT MEMBRANE ANTIBODY NEPHRITIS. 


FIG. 5.34 Anti-TEM antibody nephritis. There is lymphoplasmacytic interstitial infiltrate with tubults and occasional 
eosinophils and associated acute tubular injury, changes that are not distinguishable from hypersensitivity drug 
reaction by light microscopy (hematoxylin and eosin, х200) TBM, Tubular basement membrane, 


FIG. 5.25 Ant-TEM antibody пер: 
(antilgG immunofluorescence, x200). la 


ant-TEM antibody nephritis, there is linear staining with IgG along TEM: 
Immunoglobulin G; TBM, tubular basement membrane. 
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FIG. 5.36 Anti-TEM antibody nephritis. Linear staining with IgG along tubular basement membranes is evident ant 


Ig im 


inofluorescence, x200). 196, Immunoglobulin G; TBM, tubular basement membrane. 


ferential 


gnosis of Anti-TBM Antibody Nephriti 


- Primary anti-TEM antibody nephritis does not show specific findings in glomeruli or vessels 
Circulating anti-TEM antibodies may be detected in the sera of these patients and may show 
reactivity with normal TMs, 

2 In some patients with anti-GBM antibody glomerulonepbritis, anti-TBM linear staining is 
present, usually weaker and not typically associated with intense injury In these patients 
glomeruli show typical changes of anti-GBM antibody glomerulonephitis 
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Histology of human tubulo-interstitial 


ephritis associate 


|| Idiopathic Hypocomplementemic Tubulointerstitial Nephritis 


Most forms of allergic interstitial nephritis are T-cell-mediated and lack tubulointerstitial immune 


deposits Immune complex deposits in the TBMs and interstitium are commonly found in conjunction 


with lupus and IgA nephropathies. Tubulointerstitial immune deposits without significant glomeru- 


lar involvement can occur in Sjögren syndrome and in a subset of lupus nephritis. Tubulointerstitial 


nephritis with tubulointerstitial immune complex deposits and complement associated with hypo- 
complementemia have been reported in the absence of lupus or Sjógren syndrome. The renal biopsy 
specimens in these cases demonstrated a spectrum of changes ranging from active tubulointerstitial 

jestive of marginal zone B-cell lymphoma, 


nephritis to atypical lymphoid hyperplasia to changes su 


IGGA-RELATED TUBULOINTERSTITIAL NEPHRITIS 


and it has been suggested that chronic local antigenic stimulation may predispose to lymphoma in. 
these cases. The preferential tubulointerstital immune deposition and significant interstitial plasma 
cell component suggest pathomechanisms that involve local immune complex formation. 


| 19G4-Related Tubulointerstitial Nephi 


‘Tubulointersttial nephritis may have many causes, Recently, a group of multiorgan diseases called 
JleGi-reated disease, with high levels of serum IgG and IgG4-positive plasma cell parenchymal infil- 
tration, has been recognized. IgG4-relted disease (IgG4-RD) is a systemic immune-mediated disease 
characterized by storiform fibrosis, a dense lymphoplasmacytic infiltration rich in IgG plasma cells in 
involved organs, and in some cases elevated serum IgG levels IgG4-RD can affect almost any organ 
and frequently involves organs such as the gallbladder, inducing sclerosing cholangitis; the salivary 
glands, inducing siladenitis the peritoneum, with resulting retroperitoneal fibrosis; interstitial pneu- 
monitis, periaortitis, autoimmune pancreatitis, and tubulointerstitial nephritis; and, more rarely, the 
breast, prostate, lymph nodes, and pituitary gland, In a recent large series of patients with this entity, 
about 20% had evidence of renal involvement, predominantly evident as tubulointersttial nephritis. 
Even though slightly more than half of the patients with renal involvement in that series did not show 
the characteristic pancreatic lesions, all showed similar features in the kidney. Patients were predomi 
nantly middle-aged and elderly men and by definition had high levels of serum IgG and IgG4, with 
frequent hypocomplementemia. Imaging studies may show enlarged kidneys or even a renal mass, 
‘This entity generally responds well to corticosteroids 

"The light microscopic appearance is that of tubulointerstitial nephritis, with a dense plasma cell- 
rich infiltrate (Fig. 5.37). The interstitial fibrosis is patchy, expansile, and destructive, with a vague 
\whorling or storiform pattern (Figs. 5.38-5.40), and may have accompanying eosinophils. In a minor- 
ity of lesions, the infiltrate may just be plasma cell-rich without the distinctive whorling pattern of 
interstitial fibrosis. There is accompanying tubular atrophy. IgG subclass staining shows dominance 
of IgG4-positive plasma cells, with more than 10 cells per high-power field (hf) in the densest area of 
infiltrate (Fig 541). 


FIG. 537 IgGArelated tubulointerstitial nephritis. There is an expansile tubulointerstitial nephritis with 
Iymphoplasmacytic infiltrate and tubular atrophy. Glomeruli are well-preserved in this case (hematoxylin and eosin, 10) 
1464, Immunoglobulin G4. (Case kindly shared by Lynn D. Cornel, MD, Consultant, Anatomic Pathology, Associate 
Professor of Laboratory Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MIL) 
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FIG. 538 IgG4-related tubulointerstitial nephritis. Expansile interstitial nephritis with frequent plasma cell and. 
"whorling pattern of fibrosis are evident, with sparing of glomeruli (ones silver stain, x200). 1964, Immunoglobulin G4. 
(Case kindly shared by Lynn D. Cornell, MD, Consultant, Anatomic Pathology, Associate Professor of Laboratory 


Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MN. 


; dos 1 
FIG. 539 IgGA-related tubulointerstitial nephritis. There is advanced fibrosis with a whorlng exparsile fibrotic 
process and scattered plasma cells, with sparing of glomeruli Jones silver stain, «200. 1964, Immunoglobulin G4. 
(Case kindly shared by Lynn D. Cornell, MD, Consultant, Anatomic Pathology, Associate Profesor of Laboratory 
Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MN. 


IGGA-RELATED TUBULOINTERSTITIAL NEPHRITIS Ee 


FIG. 5.40 1gG4-related tubulointerstitial nephritis. There is abundant fibrosis evident by blue staining on 

Masson trichrome stain, with frequent interstitial plasma cells and fibroblasts (Masson Trichrome stain). l464, 
Immunoglobulin G4. (Case kindly shared by Lynn D. Cornell MD, Consultant, Anatomic Pathology, Associate. 
Professor of Laboratory Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MN.) 


FIG. 5.41 IgG related tubulointerstitial nephritis. The plasma cell infiltrate is composed predominantly of gG4- 
positive plasma cells (ant-gG4 immunohistochemistry, x400). 1964, Immunoglobulin G4. (Case kindly shared by 
Lynn D. Cornel, MD, Consultant, Anatomic Pathology, Associate Professor of Laboratory Medicine and Pathology, 
College of Medicine, Mayo Medical School, Rochester, ММ) 
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In one small serles 


jular TBM-dominant IgG deposits were detected by electron microscopy 
in four of five cases with corresponding deposits (Figs. 5.42-5.45). However, in a larger series, TBM 


deposits were detected in only one patient with concomitant membranous glomerulopathy 


Etiology/Pathogenesis 


The pathogenesis remains poorly understood. Findings consistent with both an autoimmune disorder 
and ап allergic disorder are present, IgCH is the rarest circulating IgG subclass in healthy persons 


FIG. 5.42 IgG4-related tubulointerstitial nephritis їп some cases of this disease, there may be granular tubular 
basement membrane deposit, without corresponding glomerular deposits (ant-4gG immunofluorescence, x100). 


164, Immunoglobulin ба. (Саве kindly shared by Lynn D. Cornel, MD, Consultant, Anatomic Pathology, Associate 
Professor of Laboratory Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MN.) 


FIG. 5.43 IgG4-related tubulointerstitial nephritis. Focal granular tubular basement membrane deposits with anti- 
IgG are evident (antiHgG immunofluorescence, x200). [gG4, Immunoglobulin G4. (Case kindly shared by Lynn D. 
Cornell, MD, Consultant, Anatomic Pathology, Associate Profesor of Laboratory Medicine and Pathology, College of 
Medicine, Maye Medical School, Rochester, ММ.) 


IGGA-RELATED TUBULOINTERSTITIAL NEPHRITIS 


FIG. 544 1gG4-related tubulointersttial nephritis. The tubular basement membrane is thickened and fibrotic, with 
scattered small and occasional medium deposits with surrounding collagen (transmission electron microscopy, x800). 
1864, Immunoglobulin GA. (Case kindly shared by Lynn D. Cornell, MD, Consultant, Anatomic Pathology, Associate 
Professor of Laboratory Medicine and Pathology, College of Medicine, Mayo Medical School, Rochester, MN.) 


FIG. 545 IgGA-related tubulointerstitial nephritis. The tubular basement membrane is corrugated and thickened 
With scattered deposits (transmission electron microscopy, «8000) and cll remnants. I964, Immunoglobulin G4. (Case 
kindly shared by tynn D. Cornell, MD, Consultant, Anatomic Pathology, Associate Professor of Laboratory Medicine. 
and Pathology College of Medicine, Mayo Medical School, Rochester, MN.) 
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and is elevated after chronic antigen exposure. IgG has been postulated to have a role in tolerance 
to allergens and as such has been observed in beekeepers after repeated exposure to bee venom or 
in patients undergoing immunotherapy with allergen exposure. IgG4 may easily dissociate into two 
immunoglobulin half-molecules because ofits weak disulfide bridges, and these portions of IgG4 may 
then associate with other moieties. IgG4 does not fix complement and may thus function as an anti- 

inflammatory agent by forming complexes that can block antigen binding by the more pathogenic 
1gG1. Clearly, the heightened lgG4 levels do not directly explain bypocomplementemis or inflamma- 

tory injury Investigators have hypothesized that ant-inflammatory cytokines produced in response to 
an initial injury result in increased interleukin-10 and tumor necrosis factor alpha, both of which are 


antiinflammatory. Further induction of fibrogenic interleukin-13 is then postulated to induce fibrosis 
and release of IgG in response to this injury IgG4 from some patients with autoimmune pancreatitis 
showed immunoreactivity against epithelium in pancreatic ducts, bile ducts, and salivary gland ducts, 


Key Diagnostic Features of IgG4-Related Tubulointerstitial Nephritis 


= Plasma cell-rich tubulointerstitial nephritis 
‘+ Whorling, destructive interstitial fibrosis 
+ 1gG4-positive plasma cells» 10/hpf in densest area 


Differential Diagnosis of IgG4-Related Tubulointerstitial Nephritis 


+ Other causes of tubulointerstitial nephritis should be excluded (see the earlier sections on. 
‘Tubulointersttial Nephritis). These include viral or other infections, heavy metal, light chain 
casts, crystals or other autoimmune tubulointerstital nephritis, In patients with pancreatitis 


or increased serum IgG4 or accumulation of plasma cells with whorling pattern fibrosis, IgG4 
staining should be done to specifically make the diagnosis. 
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| Interstitial Nephritis of Sjögren Syndrome 


Primary Sjögren syndrome is a rare autoimmune condition that is characterized by chronic inflam- 
mation involving exocrine glands, especially lacrimal and salivary glands. The disease is much more 
common in females, with a female-to-male ratio of 9:1, The extraglandular findings include cutaneous 
‘vasculitis, interstitial lung disease, arthritis, and nephritis. Tubulointerstitial nephritis is the common- 
est renal manifestation, Glomerular involvement is considered rare. The tubulointerstitial infiltrate 
consists primarily of lymphocytes and plasma cells with mild tubulitis. Eosinophils are not typically 
prominent. Immunofluorescence and electron microscopy are negative, although there have been 
reported cases in which peritubular immune complex deposits were found. 
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SARCOIDOSIS 


| sarcoidosis 


Considering the potential differential diagnoses, it must be noted that if the interstitial infiltrate is not 
prominent, it may be difficult to distinguish acute drug-induced tubular interstitial nephritis from 
nephrotoxic tubular injury or ischemic acute tubular necrosis, since a minimal infiltrate with occasional 
eosinophils has been described in each ofthese entities. When the interstitial infiltrate is so intense that 
it forms granulomas, the differential diagnosis must include sarcoidosis (Figs. 546-548). In a large 


FIG. 5.47 Sarcoidosis. Silver stains demonstrate the architecture of the granulomata with evidence of interstitial 
fibrosis (Jones, x200) 
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FIG. 5.48 Sarcoidosis. The granulomata consist predominately af mononuclear cells and epithelioid macrophages, 
‘and occasional foci of necrosis are seen (lanes, 200) 


FIG. 5.49 Sarcoidosis. Granulomata may became lar 


with central areas of necrosis, Examination for fungi and 
tuberculosis is essential when necrosis is prevent [he 


tnn and eosin, 200). 


series of 46 biopsies from a single institution, drug-induced granulomatous interstitial nephritis was 
diagnosed in nearly one-third of cases. About 10% of cases remained idiopathic after investigation and 
follow-up. The remaining causes included granulomatosis with polyangiitis (GPA, alsa called Wegener 
granulomatosis), foreign body giant cell reaction, reaction to Bacillus Calmette-Guerin instillation in 
the urinary bladder for cancer treatment, and xanthogranulomatous pyelonephritis. In general, how- 

ever, sacoid involvement of the kidney is characterized by the presence of randomly distributed, dis- 

tinct granulomas with or without areas of central necrosis (Figs. 5.49, 5.50). When the granulomas are 


ыызы: 


ay 
FIG, 5.51 Sarcoidosis. When granulomata are confluent and areas of necrosis are present, the differential diagnosis 
must include granulomatosis with polyangitis (GPA, also called Wegener granulomatosis) (Jones, 200) 


confluent (Figs. 5.51, 5.52), involving the glomeruli or with prominent necrosis, consideration in the 
differential diagnosis must include GPA. Glomerular involvement is rare in sarcoidosis. The presence 
of necrotizing granulomas should bring up the possibility of tuberculosis or fungal infection of the 
kidney and should be investigated as appropriate by using special stains 


Sarcoidosis is a multisystem granulomatous disorder of unknown etiology that is characterized 
pathologically by the presence of noncaseating granulomas in involved organs, and in the kidney 


FIG. 5.52 Sarcoidosis. Glomeruli may also be involved in the granulomatous process (Jones, 400). 


isa diagnosis of exclusion, Sarcoid is presumed to have autoimmune etiology, but the pathogenesis 
remains unknown. 


Key Diagnostic Feature of Sarcoidosis 


^o Non-necrotizng granulomas 


Differential Diagnoses of Sarcoidosis 


= Non-necrotiing granulomas may be present in drug reactions, but they are usually less 
abundant and often have accompanying eosinophils 

+ Necrotizing lesions of glomeruli should invoke consideration of pauci-immune necrotizing 
crescentic glomerulonephritis or even anti-GBM glomerulonephritis, Cretcents are typical of 
those entities and are not part of sarcold. 

+ Necrotizing granulomas due to tuberculous or fungal infection can be diagnosed by using 
appropriate special stains. 
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| Acute Kidney Injury/Acute Tubular Necrosis 


A common indication for renal biopsy is the development of the syndrome of acute kidney injury, for- 
тепу called acute renal failure. Acute kidney injury is the clinical situation in which there is a sudden 


ACUTE KIDNEY INJURY/ACUTE TUBULAR NECROSIS 


FIG. 5.53 Acute tubular injury In acute tubular injury, there is dilation of the tubules and interstitial edema. In 
addition, the proximal tubules show evidence of loss of the brush border with blebbing of the apical membrane into: 
"he tubular lumen (hematoxylin and eosin, x100). 


loss of renal function, It is usually characterized by oliguria and the rapid development of azotemia. 
Some forms of acute kidney injury, however, may not exhibit oliguria and may even be polyuric. A 
rapid cessation in renal function can occur as а result of extrarenal events such as obstruction, as well 
as due to intrinsic renal disease, including thrombotic microangiopathy and severe glomerular disease 

Acute kidney injury/acute tubular necrosis (the latter also called acute tubular injury) is an acute 
process in which the clinical course has several phases, including initiation, extension, maintenance, 
and repair. Acute kidney injury/acute tubular necrosis is most commonly initiated by hypovolemia 
and/or hypotension, and the injury is extended by induction of an inflammatory response. Acute kid- 
ney injurylacute tubular necrosis is not completly reversible in up to 25% of patients, The duration of 
each of these phases, and especially the maintenance and recovery phases, is highly variable, depend- 
ing on the presence of previously existing renal disease, the volume and electrolyte status of the indi- 
vidual, the length and severity of the initiation, drug therapy, and whether there are other contributory 
factors that can alter renal perfusion, such as treatment with angiotensin blockade and diuretics, This 
sequence of events can vary in time from several weeks to months from initiation to recovery. Hypo- 
tension and hypovolemia are the most common causes of acute kidney injury/acute tubular necrosis, 
both in the community and in hospitalized patients with multiorgan failure, The kidneys are most vul- 
nerable to moderate hypoperfusion when autoregulation is impaired. This is seen in elderly patients or 
in patients with atherosclerosis, hypertension, diabetes, ог early chronic kidney disease, where arterial 
and arteriolar nephrosclerosis is present, and in patients who are receiving angiotensin receptor block- 
ers or angiotensin-converting enzyme inhibitors. 


ISCHEMIC ACUTE TUBULAR INJURY 


"The histologie picture varies with the evolution of the lesion in relationship to the onset of the acute 
kidney injury. Early signs of tabular epithelial injury include tubular dilation, loss of the proximal 
tubular brush border, and apical blebbing, particularly in the $3 segment of the proximal tubule. Sub- 
sequently, individual cell necrosis with denudation of the basement membrane and shedding of epi- 
thelial cells and necrotic debris into the tubular lumen is characteristic (Figs. 5.53-5.59), Hyaline, 
granular, and pigmented casts are seen in the distal portions of the nephron. These casts consist of 
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epithelium, los of nuclei, and a marked interstitial infiltrate with occasional inflammatory cells are also present 
(hematoxylin and eosin, x20). 


FIG. 5.55 Acute tubular injury. Focal calcification of the tubular epithelium is also seen with evidence of denudation 
of the basement membrane (hematoxylin and eosin, x200). 


ACUTE KIDNEY INJURY/ACUTE TUBULAR NECROSIS 


FIG. 5.56 Acute tubular injury. Foc of calcified epithelial cells can sometimes be present with flattened regenerating 
epithelium along the basement membrane (hematoxylin and eosin, x400). 


FIG. 5.57 Acute tubular injury. Proteinaceous casts are present in the distal tubules made up of Tamm-Horsfall 
protein (hematexylin and eosin, x400). 


FIG. 5.59 Acute tubular necrosis. Detached viable epithelial cells form casts that can be shed into the urine 
(hematoxylin and eosin, x400). 


‘Tamm-Horsfill protein, which stains positively with PAS stains. In the specific instances of acute 
tubular necrosis following hemolysis or following muscle damage, deeply pigmented hemoglobin and 
‘myoglobin casts are also present. In segments of the tubules that do not show significant necrosis, the 
tubules are often dilated and lined by flattened epithelial cells, often called tubular simplification (Figs. 

5.60-5.62). In PAS stains, the brush border of proximal tubules is often thinned or absent (Fig. 5.63). 
Further, the interstitium is markedly edematous. As the lesion progresses following the initial injury, 
evidence of tubular regeneration with mitotic figures can be seen. There may be a mild interstitial 
inflammatory infiltrate with small numbers of lymphocytes, macrophages, neutrophils, or occasion- 
ally eosinophils present. In these late stages, the distinction between ischemic acute tubular injury and 


ACUTE KIDNEY INJURY/ACUTE TUBULAR NECROSIS 


FIG. 5.60 Acute tubular injury. In cases where there is no evident necrosis, the mast prominent finding is loss of the 
architecture of the proximal tubules with dilation and flattening of the epithelium (hematoxylin and eosin, x200). 


FIG. 5.61 Acute tubular injury. Injured tubules are lined with an admixture of attenuated, apoptotic, and 
regenerating epithelium (hematoxylin and eosin, x400). 


acute tubulointerstitial nephritis may be challenging. However, generally, the infiltrate is much less 
prominent in cases of acute tubular injury: 

‘One caveat that must always he remembered in evaluating the biopsy ofa patient with acute kidney 
injury is not to quickly assign the cause to acute tubular injury. Because of the paucity of findings in 
acute tubular injury; one must search carefully for other potential causes, including glomerular dis- 
eases such as minimal change disease causing nephrotic syndrome, where a patient can present with 
liguria due to hypovolemia secondary to shifts in extracellular fluid as a result of massive proteinuria. 
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FIG. 5.62 Acute tubular injury. High-power image demonstrates interstitial edema, flattening of the epithelium, and 
loss of occasional nuclei (hematoxylin and eosin, x00). 


FIG. 563 Acute tubular injury Periodic acid-Schif stains demonstrate loss of the brush border with evidence of 
apical blebbing (periodic аа вені, x400). 


Whereas electron microscopy generally does not add significantly to the evaluation of most tubular 

is helpful in evaluating the tubular epithelial changes in both ischemic and toxic 
types of acute tubular injury (Figs. 5.64-5.66). In ischemie acute tubular injury, scattered epithelial сей 
changes show a variety of different cytopathic alterations, There is loss of the brush border, ebbing of 
‘the apical membrane with shedding of apical membrane blebs into the tubular lumina, high-amplitude. 


interstitial diseases, 


FIG. 5.64 Acute tubular injury. Electron microscopy reveals evidence of fragments of epithelial cells filling the 
tubular lumen (transmission electron microscopy, x200). 


FIG. 5.65 Acute tubular injury. Higher-power image demonstrating focal loss of brush border of the proximal tubules 
With the development of apical blebs (transmission electron microscopy, A000) 


FIG. 5.65 Toxic acute tubular injury. Sublethal injury is seen with marked intracellular edema and condensation of 
adjacent cells (transmission electron microscopy, «8000. 


swelling with condensation of the cristae of the mitochondria, individual cell apoptosis seen as cell 
shrinkage with nuclear fragmentation, and а variety of other degenerative changes, including necrosis. 
Electron microscopy may therefore be useful in evaluating those patients where the diagnosis is ques- 
tionable or where other causes are suspected. 


ACUTE PHOSPHATE NEPHROPATHY 


‘A clinically distinct subset of ischemic acute kidney injury has recently been observed in older patients 
following bowel preparation with sodium phosphate purgatives for colonoscopy. “Acute phosphate 
nephropathy” is a clinical pathologic entity in which acute kidney injury occurs following adminis- 
tration of an oral sodium phosphate purgative in preparation for colonoscopy or bowel surgery, The 
recognition of this serious adverse effect has resulted in the banning of the use of phosphate purga- 
tives far bowel preparation, and its occurrence has essentially been eliminated. The abrupt onset af 
acute kidney injury typically occurs in a female patient of advanced age and usually with pre-existing 
kidney disease, including hypertension and/or diabetes. Prior use of drugs that alter renal perfusion, 
including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, nonsteroidal anti- 
inflammatory drugs, and diuretics, predispose the potential of acute kidney injury particularly when 
patients are volume- depleted by the bowel preparation or have an episode of hypotension during the 
procedure. Additional risk factors for developing acute phosphate nephropathy as an adverse event 
‘of oral sodium phosphate purgative use are bowel obstruction, or active colitis. It has been suggested 
that chronic use of oral sodium phosphate preparations in low doses for chronic constipation may also 
result in nephrocalcinosis and chronic tubulointerstitial disease. 

Biopsies performed in the acute phase have tubular epithelial changes typical of ischemic acute 
kidney injury as described previously, with the distinctive feature of extensive deposition of calcium. 
phosphate in necrotic tubules (Figs. 5.67, 568). In biopsies with 10 or more glomeruli, more than 
30 calcifications can be identified, This contrasts with the occasional dystrophic tubular calcification 
that can be observed in ischemie acute kidney injury and in some cases of acute tubular interstitial 
nephritis. The calcifications appear both ав calcified necrotic tubular epithelium and as desquamated 
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FIG, 5.67 Acute phosphate nephropathy. Biopsy showing extensive tubular calcifications involving approximately 
25% of the nonatrophie tubules (hematoxylin and eosin,» 100). 


FIG. 5.68 Acute phosphate nephropathy. Higher-power image demonstrating the density of tubules involved with 
epithelial calcification (hematoxylin and eosin, x200). 


cpithelial cells with surface calcification appearing as rounded concretions in the tubular lumen 
(Pigs 5.69, 5.70). These crystals are nonpolarizable and stain purplish on hematoxylin and eosin stains 
and positive for phosphate by von Kossa stains (Fig. 5.71). Tables without calcification demonstrate 
varying degrees of epithelial injury in the early stages of acute renal failure and tubular atrophy later in 
the course of the disease (Fig, 5.72). Since the acute kidney injury occurs in the presence of the tran- 
sent elevation of serum phosphate that results from ingestion of a large dose of sodium phosphate, the 
protective effect of urinary macromolecules is abrogated and dystrophic calcification of necrotic, apop- 
totic, and subletbally injured tubular epithelium is facilitated. While dystrophic calcification occurs in 
ischemic and toxic acute kidney injury of other causes and is commonly seen in allografts, the extent 
of calcification is generally not as extensive as seen with this clinical entity. Biopsies performed later in 
patients who develop chronic kidney disease following the colonoscopy have nonspecific findings of 
interstitial fibrosis and tubular atrophy associated with the tubular calcifications. 


Etiology/Pathogenesis 

"The use of a purgative results in loss of uid and electrolytes, causing hypovolemia and electrolyte 
disturbances that predispose the individual to acute kidney injury. The use of a phosphate purgative 
results in hypovolemia and renal hypoperfusion in the presence ofa transient elevation of serum phos- 
phate, thus leading to exces phosphate in the filtrate and precipitation of calcium phosphate 


iex CHAPTERS TUBULOINTERSTITIAL DISEASES 


FIG. 5.69 Acute phosphate nephropathy. The calcifications have both an amorphous and а bubble-like structure 
(hematoxylin and eosin, x400). 


+ 


FIG. 5.70 Acute phosphate nephropathy. The calcifications begin as dystrophie calcification of necrotic epithelium 
(hematoxylin and eosin, x400). 
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FIG. 5.71 Acute phosphate nephropathy. The calcifications are composed of calcium phosphate as determined by 
won Kossa staining (von Kossa staining, x200 


FIG. 5.72 Acute phosphate nephropathy. Extensive tubular injury is present in noncalifed tubules in the acute 
phase (hematoxylin and eosin, x400). 


Selected Reading 
Markowitz, G.S, Perazella, M.A.. 2009. Acute phosphate nephropathy. Kidney International 76, 1027- 
1034. 
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NEPHROTOXIC ACUTE TUBULAR NECROSIS 


"The clinical picture may be similar to that of ischemic acute tubular injury with a sudden onset of 
acute kidney injury. In many instances, however, particularly in industrial exposures the onset may be 
insidious and the patient may not have liguria but present with polyuric renal insufficiency 

Histologically, severe acute toxic tubular injury is associated with extensive epithelial necrosis, 
which tends to involve all nephrons more uniformly than seen in the ischemic form (Fig. 5.73). The 
proximal tubule is most severely involved, necrotic cells are dislodged from the basement membrane, 
and the tubular lumens are Вей with cellular debris. Focal calcification of the necrotic material occurs 
very rapidly and can he seen within 1 to 2 days, As the lesion develops, regeneration of the tubular epi- 
thelium сап be identified initially by flattened epithelial cells, which over several days become cuboidal 
and then columnar and then finally develop а normal proximal tubule architecture, In addition, spe- 
авс renal epithelial changes can be seen with different toxins. Toxicity due to ifosfamide, an alkylating 
agent, causes atypical nuclear changes in addition to extensive cellular necrosis (Figs 5.74, 5.75). In 
acute lead nephropathy for example, dark intranuclear inclusions can be identified (Fig. 5.76), and 
‘oxalate crystals, polarizable and sheal-shaped, are associated with glycol nephrotoxicity. In aminogly- 
coside nephrotoxicity, lysosomal myeloid bodies can be identified by electron microscopy (Fig. 577) 
Amiodarone toxicity is characterized by the presence of atypical mitochondria (Fig 5.78). In patients 
‘with rhabdomyolysis, acute tubular injury can be caused by direct toxicity of intratubular casts of myo- 
globin (Figs. 5.29, 5.80). Immunohistochemistry allows a specific diagnosis to be made (Fig. 581). In 
patients with severe liver failure and bilirubin levels >10 mg/dL, acute kidney injury may be contrib- 
‘uted to by so-called bile nephrosis, characterized by greenish-tinged brown casts of bilirubin in tubules 
(Figs. 5.82, 5.83), These specific casts, or the casts of hemoglobin seen with acute hemolytic injury, 
should not be confused with Tamm-Horsfall proteinaceous casts or so-called lymph vessel casts that 
are seen with lymphatic obstruction (Fig 5.54). 

Osmotic nephrasis is a distinct farm of toxic tubular injury (Pig. 5.85). There is prominent vacuol- 
ization and swelling ofthe proximal tubules. It can be induced by many different compounds, including. 


FIG. 5.73 Toxic acute tubular necrosis. There is evidence of cellular necrosis with atypical nuclei representing 
regenerating epithelium (hematoxylin and eosin, x400). 
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FIG. 5.74 Toxic acute tubular necrosis Alkylating agents are associated with severe tubular necrosis with denudation of 
‘the basement membrane and flattening with dedierentiation of the residual epithelium (hematonyin and eosin, 200. 


FIG. 5.75 Warfarin nephropathy: Red blood cells and red blood cell casts are most prominent in the distal segments 
of the nephron in the medulla (hematoxylin and eosin, x100). 


{intravenous contrast media: sugars, including glucose, mannitol, and sucrose; and plasma expanders, 
such as hydroxyethyl starch and dextrans, Recently, maltose-based intravenous immunoglobulin has 
been added to the list of offending agents (Fig. 5.86) 

Both hereditary and acquired causes of hemolysis, including transfusion reactions, can lead to 
bhemoglobinuric acute renal failure. It is the result of a combination of the tubular toxic effects of 
hemoglobin and tubular obstruction with hemoglobin casts. The tubular epithelium appears flat- 
tened, and the lumen is obstructed by hemoglobin casts and fragments of hemolyzed red blood cells 
(Figs. 5.87-5.89). 
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FIG. 5.77 Aminoglycoside nephrotoxicity. Myeloid bodies (arrows) are present in an intracellular localization 
(transmission electron microscopy 12,000). 


Etiology/Pathogenesis 


Intrinsic renal causes of acute kidney injury include severe acute glomerulonephritis, vasculitis, 
thrombotic microangiopathies, and malignant hypertension, as well as acute tabulointerstitial nephri- 
tis and the entity classically called acute tubular necrosis. Although necrosis is included in the term 
to distinguish it from other intrinsic causes of renal disease, tubular epithelial damage is not always 
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FIG. 5.78 Acute tubular necrosis. Amiodarone toxicity is characterized by the presence of atypical mitochondria. 
(transmission electron microscopy, 8000). 


lumina with associated acute tubular injury These are coarsely granular with a reddish brown tinge (hematoxylin 
and eosin, x100). 


FIG. 5.80 Myoglobin casts. There is granular reddish-brown cast material within tubules with associated tubular 
injury with flattening of tubular epithelium and surrounding mild edema and early interstitial fibrosis (hematoxylin 
‘and eosin, x400). 


FIG. 5.81 Myoglobin casts. Myoglobin casts can be stained specifically by immunohistochemistry, revealing that these 
reddish-brown casts specifically consist of myoglobin (antimyoglobin, «200, 


readily evident by light microscopy, and the term acute tubular injury is now commonly used. Acute 
tubular injury is generally divided into two subcategories: postischemic acute tubular injury and neph- 
rotoxic acute tubular injury. Morphologie changes of cellular injury are usually more subtle in the 
ischemic form and have more obvious cytopathologic changes in the toxic form. In addition, the pat- 
terns of tubular damage differ between the two forms. In the ischemic form, tubular damage is patchy. 
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FIG. 5.82 Bilirubin casts. Bilirubin casts are seen as brownish casts with a slight green tinge with associated tubular 
Injury with flattened tubular epithelium (hematoxylin and eosin, x200) 


ا 


FIG. 5.83 Bilirubin casts. Bilirubin casts are seen as distinctly green with a special stain for bilirubin (Hall stain, х200). 


affecting the relatively short length of the straight segments of the proximal tubule and focal areas of 
the ascending limbs of the loops of Henle, Ischemia plays a major role in its pathogenesis. In the toxic 
form, the tubular epithelial damage is more extensive along segments of the proximal tubule, and the 
segments involved may vary with the specific toxin. Although distal tubular damage does occur it is 
less extensive and more inconsistent than in ischemic acute tubular necrosis. Although most instances 
of severe nephrotoxic acute tubular injury are the result of industrial accidents or accidental or inten- 
tional ingestion of toxins, it must be recognized that numerous therapeutic agents, such as aminogly- 
coside antibiotics, antineoplastic agents such as cisplatin, and alkylating agents, are the most frequently 
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into tubular lumina, These so-called lymph vessel casts appear as pale material with lymphatic endothelium overlying 
the globular cast material (hematoxylin and eosin, x400). 


FIG. 5.85 Acute tubular injury with osmotic nephrosis. There is prominent vacuolization and swelling of the proximal 
tubules (hematoxylin and eosin, x400). 


encountered causes of nephrotoxicity in a renal biopsy practice, Plant toxins found in herbal remedies 
also may be associated with renal epithelial damage. 


of Acute Tubular Injury 


= Ischemic: flattening, regeneration of tubules, mostly proximal 
+ Toric: frank necrosis, more widespread injury, specific findings according to etiology 
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FIG, 5.86 Acute 
eosin, 200). 


Acute Tubular Injury 


= Obstruction may also give rise toa dilated, flattened appearance of tubules, but with preserved 


‘brush border and with concomitant dilation of Bowman's spaces. Specific inciting causes, such 
as crystals, should be sought. 


FIG. 5.88 Hemoglobinuric acute renal failure. Higher power image shows lysed reticulocytes forming an obstructing 
cast (hematoxylin and eosin, x400). 


Be ER ЖЕЙ Pa 
FIG. 5.89 Hemoglobinuric acute rena failure. The hemoglobin casts have a fractured appearance (hematoxylin and 
eosin, 400). 


Selected Reading 

Perazela, MLA, Плеве, HL, 2015, New drug toxicities în the onco-nephrology world. Kidney Interna- 
tional 87, 909-917. 

Perazella, MA, Luciano, R.L., 2015, Review of select causes of drug-induced AKI. Expert Review of Clini- 
‘al Pharmacology 8, 367-371. 


HEAVY METAL NEPHROPATHY (LEAD AND CADMIUM NEPHROPATHY) 


Warfarin-Induced Acute Kidney Injury/Anticoagulant-Related 
Nephropathy 


A major potential renal complication that can be associated with oral anticoagulants, particularly in 
the setting of over-anticoagulation, is а type of acute kidney injury that has been termed anticoagu- 
lant-related nephropathy (ARN). When ARN occurs with warfarin use, it is called warfarin-related 
nephropathy. Acute kidney injury resulting from glomerular hemorrhage has been reported in the 
setting of international normalized ratios between 3 and 9. Patients at particular risk are those with 
chronic kidney disease, including diabetic nephropathy, hypertension, and heart failure. The concomi- 
tant use of aspirin as well as the presence of genetic polymorphisms that reduce warfarin metabolism 
also increase risk. Newer anticoagulants such as dabigatran that inhibit thrombin or factor Xa have 
also been implicated, Biopsies show glomerular hemorrhage, occlusive red blood cell casts, and tubular 
injury secondary to heme-induced fre radicals (Figs. 5.75, 590). 


FIG. 5.90 Warfarn-related nephropathy. Renal medulla showing red blood cell casts in medullary nephron segments 
(hematoxylin and eosin, x100). 


Selected Reading 
N. Warnock, DG. Saxena, N., 2015, Oral anticoagulants and risk of nephropathy. Drug Safety 


|| Heavy Metal Nephropathy (Lead and Cadmium Nephropathy) 


thas long been recognized that heavy metals can lead to a dose-dependent torie necrosis of renal epithe- 
lal cells, Because the kidney is the principal excretory organ ofthe body and a major route for exeretion 
of toxins absorbed by any route, the kidney and urinary tract are particularly vulnerable to toxic dam- 
age. Acute toxicity clinically presents similarly to ischemic tubular necrosis, Chronic nephrotoxicity is 
more insidious in its onset and in its clinical manifestations. It can mimic other primary renal diseases 
and may manifest itself by minor functional abnormalities or by the systemic effects of renal damage, 
including hypertension and gradually progressive renal failure, Chronic exposure to lead, mercury, cad- 
mium, platinum, gold, lithium, silver, copper, and iron has been associated with the development of a 
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chronic nonspecific interstitial nephritis, The histologic findings in heavy metal nephropathy show proxi- 
‘mal tubular injury with intranuclear inclusion bodies of metal-metallothionein complexes (see Fig. 576). 


Etiology/Pathogenesis 
‘The pathogenesis of the renal disease is related to the proximal tubule reabsorption of filtered lead or 
cadmium, with subsequent accumulation with metallothioneins in the proximal tubule cells. The renal 
tubular cells have a considerable capacity to synthesize metallothionein, thereby binding and detoxify- 
ing heavy metal ions, When the detoxifying capacity is surpassed, tubular damage results in interstitial 
inflammation and fibrosis. 


Selected Reading 

Abuelo, 1, 2007. Normotensive ischemic acute renal failure. New England Journal of Medicine 357, 
797-405. 

Bennett, WM., 1985. Lead nephropathy Kidney International 28, 212-220, 

Bolle A]. Meyer, D. Schubert, С.Е, 1976. Morphology of acute renal failure: comparative data from 
biopsy and autopsy. Kidney International Supplement 6, 89-816, 

Dickenmann, M. Oetl, Т, Mihatsch, M., 2008. Osmotic nephrosis: acute kidney injury with accumula- 
tion of proximal tubular lysosomes dae to administration of exogenous solutes, American Journal af 
Kidney Diseases 51, 491-503 

Humes, H., 1988. Aminoglycoside nephrotoxicity, Kidney International 33, 900-911. 

Moeckel С. Kashgarian, M., Racusea, LC., 2015, Ischemic and toxic acute tubular injury and other i- 
chemic renal injuries, In: Jennette. LC, Olson J-L., Silva, EG. Ақай, VD. (Eds) Heptinstalls Pathol- 
ogy ofthe Kidney Th ed. Wolters Kluwer. Philadelphia, pp. 1167-1222. 


| Analgesic Nephropathy and Papillary Necrosis 


Because the lesion is a chronic, progressive one, the clinical presentation is extremely variable, but a 
common feature is nocturia and polyuria. This is due to the extensive medullary damage frequently 
associated with renal papillary necrosis, resulting in a loss of the concentrating ability (Fig, 5.91). 
Because renal biopsies rarely give a significant sample of the inner medulla, it is often difficult to assign 
to this entity the relatively nonspecific cortical changes of interstitial fibrosis and tubular atrophy seen. 
Nonetheless, analgesic nephropathy has extensive interstitial scarring, which is usually bland with 


FIG. 5.91 Analgesic nephropathy. There is extensive interstitial fibrosis associated with papillary necrosis. 
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relatively few inflammatory cells that, if present, are generally small Iymphocytes (Figs. 5.92-5.96). 
Extensive tubular atrophy is also seen. Glomerulosclerosis is also present as a secondary change, but 
more commonly the glomeruli are not damaged and become crowded because of the tubular atrophy 
‘These cortical changes are relatively nonspecific but, in the presence of radiologic evidence of papillary 
necrosis, are consistent with the diagnosis of analgesic nephropathy. It should be remembered in the 
differential diagnosis that sickle cell disease and diabetes may also be associated with papillary necrosis. 


FIG, 5.92 Analgesic nephropathy is associated with marked interstitial fibrosis with a relative paucity of interstitial 
infiltrate. Tubular atrophy with numerous casts is present. Glomeruli are generally not involved or do demonstrate 
sclerosis (hematoxylin and eosin, x50) 
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FIG. 5.93 Analgesic nephropathy. The extensive interstitial fibrosis is demonstrated here on trichrome stain 
associated with marked tubular atrophy (trichrome, x100). 
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FIG. 5.94 Analgesic nephropathy. Higher power image demonstrates а nonspecific lymphocytic infiltrate 
(hematoxylin, phloxine, and saffron, 1200). 


FIG. 5.95 Analgesic nephropathy. There are vascular changes accompanying the chronic interstitial nephritis 
(periodic ació-Schi, 200). 


Etiology/Pathogenesis 
А particular form of chronic nephrotoxicity that is of special interest is the lesion associated with 
analgesic abuse. It has been long recognized that chronic, excessive use of analgesic drugs is asso- 
ciated with the development of chronic renal failure due to а chronic tubulointerstitial nephritis- 
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FIG, 5.96 Analgesic nephropathy. There is diffuse fibrosis and trichrome stain with relative preservation of glomeruli 
(trichrome, x100). 


Although phenacetin combined with caffeine and codeine was the compound most frequently impli- 
cated in the earliest reports, abuse of a number of common analgesics, including acetaminophen and 
nonsteroidal antiinflammatory drugs, has more recently also been implicated in the development 
ofthis lesion. 


Diagne ture of Chronic Tubulointerstitial Nephritis 


‘+ Inflammation and interstitial fibrosis and tubular atrophy ош of proportion to glomerular 
and/or vascular injury 


‘Note: Specific etiologies must be sought (see Chapter 7). 


Selected Reading 

De Broe, MLE, Elseviers, M.M., 1998. Analgesic nephropathy: New England Journal of Medicine 338, 
me 

Mibatsch MJ, Khanlari, B., Brunner, EP, 2006. Obituary to analgesic nephropathy—an autopsy study. 
Nephrology Dialysis Transplantation 21, 3139-3145 


|| Light chain cast Nephropathy and Tubulopathy 


"The renal lesions of patients with plasma cell dyscrasias present with a variety of glomerular, tubular 
and vascular lesions. Proteinaceous casts are common in ай forms of chronic interstitial nephritis. The 
cast nephropathy associated with multiple myeloma deserves special mention because it has a distinc- 

tive histologic appearance, and the cast material is involved in the direct pathogenesis of the lesion, 
Light chain, or so-called myeloma, cast nephropathy is seen in approximately half of patients with 
multiple myeloma who have renal disease. The remainder of patients with multiple myeloma who have 
related renal disease have either light chain deposition disease or amyloid deposition, or rarely com- 

bined lesions, as discussed elsewhere. The casts in myeloma cast nephropathy consist of Bence Jones 
or light chain proteins combined with Tamm-Horsfall protein. Casts can be diffuse or focal, involving 
distal convoluted and collecting tubules, and often have a fractured or crystalline appearance (Figs. 
597-599). They frequently are surrounded by multinucleated giant cells formed from infiltrating 
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FIG. 5.97 Light chain cast nephropathy. Tobules are dilated and filled with proteinaceous casts completely occluding 
some tubular lumina (hematoxylin and eosin, 5200). 


FIG. 5.98 Light chain cast nephropathy. The casts have a fractured appearance and also demonstrate a cellular 
reaction (hematoxylin and eosin, x400) 


‘macrophages (Figs. 5.100-5.102). Disruption of the tubules can be seen focally, and acute polymor- 
 phonuclear or granuloma-like inflammation may extend into the adjoining interstitium (Fig. 5.103). 
"The cytoplasm ofthe proximal tubules frequently contains large hyaline protein droplets or needle-like 
inclusion bodies (Figs. 5.104, 5.105). There is interstitial fibrosis and a lymphocytic infiltration associ- 
ated with tubular atrophy. Thus, except for the distinctive nature of the casts and the granulomatous 
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FIG. 5.99 Light chain cast nephropathy. There is evidence of tubular epithelial damage and interstitial edema 
(hematoxylin, phioxine, and saffran, «д0 


FIG. 5.100 Light chain cast nephropathy: The casts are surrounded by multinucleated giant cells formed from 
infiltrating macrophages (trichrome, 200). 


reaction to them, the lesion may mimic other forms of chronic interstitial nephritis, Immunofluores- 
cence microscopy is helpful in cases of suspected LCCN. Monoclonal staining for kappa or lambda. 
light chains helps to confirm the diagnosis, although it should be noted that only about half of casts in 
proven LCCN stain in a monoclonal pattern (Fig. 5.106). Therefore, the absence of monoclonal stain- 
ing ofthe casts cannot be taken as definitive evidence ruling out LCCN. 
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FIG. 5.101 Light chain cast nephropathy. There is evidence of tubular necrosis, and an inflammatory response is seen. 
involving the interstitium (trichrome, x200). 


FIG. 5.102 Light chain cast nephropathy: There is Tamm-Horsfall protein intermingled with the light chains (periodie 
acó-Schi, 00). 
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FIG, 5.103 Light chain cast nephropathy The fractured casts are surrounded by hyaline material within the epithelial 
cells (hematoxylin and eosin, x400). 
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FIG. 5.104 Light chain cast nephropathy. Syncytial proliferation of the tubular epithelium surrounding cast material 
(trichrome, хао). 
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FIG. 5.105 Light chain cast nephropathy. A 
irregular fractured casts and a cellular reaction 


FIG. 5.106 Light chain cast nephropathy. immunofluorescence reveals the cast material to stain positively in a 


monoclonal pattern with kappa or lambda light chains (ant-kappa, +200). 


Light chains are toxic and. 


A less common form of light chain disease is ligt 


In some i it chain crystals acc 


сап cause direct tubular injury and ne 
mulate within tubular epithelial cells. The parietal epithelium of the 
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FIG. 5.107 Light chain tubulopathy. Tubular epithelial cells contain crystalline precipitates of reabsorbed light chains 
(hematoxylin and eosin, x400). 


FIG, 5.108 Light chain tubulopathy.Tubules may also show a granular, vacuolated appearance (hematoxylin and 
eosin, x400). 


syndrome in adults (Figs. 5.107, 5.108). It may also be accompanied by light chain deposition disease 
in tubular basements (Fig. 5.109). 

Electron microscopy can also be useful in that the tubular epithelium and the tubular casts may 
have a very distinctive composition of finely granular material of moderate electron density, often. 
forming crystal-like structures (Fig: 114). Because of the distinctive nature of the сай mate- 
rial and the giant cell reaction to it, the differential diagnosis is relatively limited but does include other 
forms of paraproteinemias, including Waldenström macroglobulinemia. LCCN may coexist with other 
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FIG. 5.109 Light chain tubulopathy. Electron microscopy reveals granular light chain deposition in tubular basement. 
‘membrane (transmission electron microscopy, x5000). 


FIG. 5.110 Light chain cast nephropathy. Electron microscopy reveals the tubules to be occluded by a mixture of dense, 


homogeneous cast material with fragments of cells and cellular debris (transmission electron microscopy, x2000), 
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FIG. 5.111 Light chain cast nephropathy: In contrast to other casts that are more homogeneous in appearance and 
have а dark electron-dense appearance, these light chain casts are heterogeneous and lighter (transmision electron 
microscopy, 2000) 


‘manifestations of the monoclonal light chain, with either amyloidosis or light chain deposition disease 
(see section on Monoclonal Immunoglobulin Deposition Disease in Chapter 3) 


Etiology/Pathogenesis 

‘The mechanism by which urinary light chains lead to renal failure is incompletely understood. Light 
chains precipitate in the tubules, leading to casts in the distal and collecting tubules. These casts 
contain Tamm-Horsfall macoprotcin, which is a protein normally secreted by the cells of the thick 
ascending limb of the loop of Henle, and they constitute the matrix of all urinary casts. The limita- 
tion of obstructing casts to the distal nephron reflects the requirement of the excreted light chains 
to aggregate with Tamm-Horsfall mucoprotein. Experimental studies have shown that light chains 
are tubulotexic, depending on the potential of an individual light chain to bind Tamm-Horsfall 
mucoprotein. 


2 Angulated, fractured-appearing casts with syncytial cell reaction 
+ Chronic interstitial nephritis 
+ May show clonal staining of casts by immunofluorescence 


Note: In the acute phase, casts may be more amorphous and may have а more acute inflammatory 
response, This must be distinguished from acute pyelonephritis (see earlier). 
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FIG. 5.112 Light chain cast nephropathy. Some cast material also has dense crystalline material surrounded by 
proteinaceous material (transmission electron microscopy, 4000). 


FIG. 5.113 Light chain tubulapathy. Crystalline material can be present in tubular epithelium (transmission electron 
microscopy, 4000) 


TUBULAR CRYSTALLOPATHIES 


FIG. 5.114 Light chain tubulopathy. Crystalline material is sometimes present in podocytes (transmission electron 
microscopy, 4000) 


Selected Reading 

Herrera, С.А, 2014. Proximal tubulopathies associated with monoclonal light chains: the spectrum of 
clinicopathologic manifestations and molecular pathogenesis. Archives of Pathology К Laboratory 
Medicine 138, 1365-1380. 

Stokes, MLB, Valeri, A.M., Herlitz, 1L, et al, 2016. Light chain proximal tubulopathy: clinical and patho- 
logic characteristics in the modern treatment era. Journal of the American Society of Nephrology 27, 
1555-1565, 


| tubular crystallopathies 


CYSTINOSIS 


Cystinosis is a lysosomal storage disease with autosomal recessive inheritance, with a defect in cyst 
nasin, resulting in lysosomal accumulation of cystine. Cystinosis is divided into an infantile form with 
frequent kidney manifestations, a juvenile form with intermediate kidney phenotype, and an adult, 
mon-nephropathic form. The incidence is 1 in 100,000-200,000 live births, with a higher incidence 
seen in the Brittany region of France (1 in 26,000) Patients may have disease manifestations even 
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when they are compound heterozygous, Children present with growth retardation, renal tubular Fan- 
coni syndrome, and chronic kidney disease, and they may also show photophobia with corneal erys- 
tals, hypothyroidism, neurobehavioral abnormalities, impaired sweating, delayed puberty, and portal 
hypertension. Fanconi syndrome is nearly invariably present in affected patients with the infantile 
nephropathic form. Hypothyroidism and photophobia present by age 5 to 10 years in half of patiens 
Chronic kidney disease is evident by age В to 12 years in 95% of patients. 

“Tubular injury results in the clinical findings of polyuria, polydipsia, dehydration, acidosis, hypo- 
calcemia and hypokalemia (Fanconi syndrome), and sometimes hypopbosphatemic rickets. Cystinosis 
is the most common identifiable cause of Fanconi syndrome in children. 

"The diagnosis may be made by slit-lamp examination that reveals corneal crystals, and it may 
be confirmed by leukocyte cystine content measurement or by genetic studies that show cystinosin 

Patients are treated with cysteamine, Cysteamine enters the lysosome through a transporter and 
forms disulfide cysteamine-cystine which can exit the lysosome via the lysine transporter. Glutathione 
in the cytosol reduces thie compound to cystine and cystesmine, and cysteamine can then enter the 
lysosome again to shuttle out more cystine. When cysteamine therapy is started early, renal deteriora 
tion can be slowed down and crystal accumulation can be prevented in other organs. Ongoing cystine 
crystal accumulation can also cause disease in the transplant. 

In cystinosis, cystine crystals accumulate in the tubular epithelium and in macrophages in the 
interstitium, and they may also be free in the interstitium (Fig. 5.115). 

Classically, the first part of the proximal tubule is thinned and atrophic, the so-called swan neck 
deformity. Cystinosis results in patchy tubular atrophy and interstitial fibrosis (Figs. 5.115, 5.116). 
Glomeruli may show secondary sclerosis, and tubular epithelial cells and podocytes may be multi- 
nucleated (Fig 5.117). The latter is not a pathognomonic feature, as multinucleated podocytes may also 
bescenin other storage diseases, such as Niemann-Pick or Gaucher disease, The crystals are hexagonal, 
rhombohedral, or polymorphous and can be visualized under polarized light in alcohol-fxed or frozen. 
tissue (Fig. 5.118), Aqueous fixatives dissolve crystals, so they may not be readily identifiable in tissue 
sections, Polarization should therefore be done оп nonaqueous fixed or frozen sections. Some crystals 
may also be retained in paraffin processed, hematoxylin and eosin-stained sections (Fig. 5.119). Stan- 
dard immunofluorescenceis negative. Toluidine blue-stained slides and electron microscopy visualize 
the clear erystals (Figs. 5.120, 5121) 


FIG. 5.115 cystinosis. Cystinosis results in patchy tubular atrophy and interstitial fibrosis (Jones silver, x100). 


TUBULAR CRYSTALLOPATHIES Ше 
Etiology/Pathogenesis 


Cystinosis is due to mutated cystinosin, a key protein for cystine handling. The cystinosin protein 
contains seven transmembrane domains. The most common molecular defect removes the first 10 
exons of cystinosin and is found in 50% to 75% of cystinoti patients of northern European descent, 
with a founder effect arising in Germany in AD 500, More than 80 mutations have been identified 
їп different kindreds, The accumulated cystine in cystinosis is derived from degradation of disulfate 


FIG. 5.116 Cystinosis. cystinosis with interstitial fibrosis and lymphocytic and macrophage infiltrate, with occasional 
crystals present within the interstitium (hematoxylin and eosin, 00). 


FIG. 5.117 Cystinosis, Cystinosis may show mukinucleation of tubular epithelial cells and podocytes (arrows 
Multinucegted podocytes are not pathognomonic of cystinosis, as they may be seen in other storage diseases (Jones 
silver, 400). 
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FIG. 5.118 Cystinosis. Cystinosis with polarizable, rectangular, rhomboid crystals is best visualized on polarized 


frozen sections. As shown here, crystals are present within glomerular epithelial cells and in interstitial macrophages 
(hematoxylin and eosin, x400). 


FIG. 5.119 Cystinosis. Crystals in cystinosis may also be relatively more preserved in paraffin-processed tissue on 
hematoxylin and eosin stains compared with other special stains, as demonstrated here. Numerous rhomboid and 
rectangular cystine crystals are present in the interstitium (polarized hematoxylin and eosin, x200). 


cyteine-cysteine due to a gene defect in cystinosin. The GYDQL motif in cystinosin plays a role in 
targeting. When this 
remains in the lysosome. Lysosomal cystine efflux by cystinosin is coupled to an efflux of hydrogen 


in is deleted, cystinosin relocalizes to the plasma membrane, but a signal 


inns, Thus, the influx af hydrogen ion by the lysosomal H*-ATPate drives cyttinosin-medlated cystine 


transport toward the cytosol, 
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FIG. 5.120 Cystinasis. In plasticembedded scout sections for electron microscopy, clear spaces of the cystine crystals 
are readily visualized in macrophages in the tubulainterstitium (toluidine blue, x200). 


FIG. 5.121 Cystinosis. Cystine crystals are seen as clear rhomboid or rectangular dear spaces in macrophages by 
electron microscopy (transmission electron microscopy, «8000 


Selected Reading 

Emma, F, Nesterova, G., Langman, C. etal, 2014. Nephropathic cystinosis: an international consensus 
document. Nephrology Dialysis Transplantation 29 Supplement 4, 87-94. 

Nesterava, б. Gahl, WA.. 2013. Cystinosis: the evolution of a treatable disease. Pediatric Nephrology 28, 
51-39 


CHAPTERS TUBULOINTERSTITIAL DISEASES 


NEPHROCALCINOSIS. 


Nephrocalcinosis is a tubulointerstiial nephropathy that either reflects a primary metabolic process 
involving calcium or phosphorus metabolism or results from severe tissue injury of any cause—so- 
called dystrophic calcification. In cases of hyperparathyroidism, calcium salts are typically found along 
TBMs, as concretions within tubules, and in the interstitium (Fig. 5.122). The calcium phosphate 
deposits seen in renal allografts, acute kidney injury, and “acute phosphate nephropathy” (se earlier) 
are found primarily in the tubular lumens and the cytoplasm of distal tubular epithelial cells, with rare 
interstitial deposits (Fig. 5.123). Paradoxically, many patients with nephrocalcinosis that is detected 


ES "3, 1 Mama 
FIG. 5.122 Nephrocalcinoss. Calcification is present in the interstitium and outlines the tubular basement 
‘membranes (hematoxylin and eosin, x350). 


FIG. 5.123 Nephrocalcinass. Tubular epithelial calcifications are more prominent when tubular damage is present 
(hematoxylin and eosin, x400). 
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ne. 


radiographically may have minimally impaired renal function, whereas nephrocalcinosi 
ciation with acute kidney injury is often detected only by kidney biopsy. 

Nephrocalcinosis occurs when calcium precipitates in conjunction with either oxalate or phos- 
phate, Calcium is detected by Alizirin red staining (Fig. 5.124). Phosphates in calcium phosphate 
deposits are detected with the von Kossa stain. The nature of crystals can help determine their compo- 
sition, Calcium oxalate and calcium urate are birefringent, whereas calcium phosphate is not. Hyper- 
caleuria is a well-established risk factor for calcium crystal deposition, but nephrocalcinosis can occur 
in the setting of normal calcium excretion, particularly in the presence of primary or secondary hyp- 
croxaluria or hyperphosphatura, as seen in acute phosphate nephropathy. 


seen in asso- 


Etiology/Pathogenesis 

Hypercalcemia and hypercalciuria associated with primary hyperparathyroidism or metastatic malig- 
nancy are the most common causes, whereas granulomatous disease, immobilization, bone disease, 
vitamin D intoxication, or milk alkali syndrome also have been implicated in the pathogenesis. Hyper- 
caleiuria can occur without hypercalcemia through a variety of mechanisms. Distal renal tubular 
acidosis is associated with nephrocalcinosis, although nephrocalcinosis itself may cause distal acidifi- 
cation defects, Inherited tubulopathie, including Dartter syndrome, hypomagnesemic hypercalciuric 
nephrocaleinosis and autosomal dominant hypocalcemia, аге manifested by bypercalciurs. In Dent 
disease and Lowe syndrome, both hypercalciuria and hyperphosphaturia are present. In children, 
‘medullary sponge kidney and nephrocalcinosis may coexist 


OXALOSIS 


(Oxalate crystals within the tubular lumina are frequently present in end-stage kidneys, but extensive 
oxalate crystal deposition is indicative of hyperoxaluric states (Figs. 5.125, 5.126). The histological 
findings are the nonspecific findings of tubular atrophy and interstitial fibrosis, with the distinctive 
feature being crystal deposition. Calcium oxalate crystals are often fan-shaped and can be seen by light 
microscopy, but they are more readily visualized by their birefringence under polarized light (Figs. 
5.126-5.129). Severe fibrosis and inflammation, even with giant cell reaction, can occur when crys- 

tals break through the tubular lumina into the interstitium. Calcium oxalate tends to precipitate, par- 
ticularly in proximal tubules, although with extensive disease all nephron segments may be involved, 

Calcul are often found in calyces ог the pelvis of the kidney. Glomeruloscleross is proportional to the 
degree of interstitial injury. Massive crystal deposition occurs in primary hyperoxaluria and ethylene 


dor calcium (2200) 


FIG. 5.125 Oxalate nephropathy. There i dilation of the tubules with crystalline material within the lumen. The 
аулай have a platelike appearance (hematorylin and eosin, x100). 


by light microscopy. There is associated acute tubular injury (hematoxylin and eosin, x200), 


glycol ingestion, Oxalate crystals can develop to а lesser degree secondarily; such as by ethylene gly- 
col ingestion, after jejunal-intstinal bypass, with excess ingestion (eg, vitamin C, tea), or in chronic 
renal disease due to other causes, Calcium oxalate crystals must be distinguished from the similar fan- 
shaped, polarizable, but brawn-colored by hematoxylin and eosin staining, crystals of the autosomal 
recessive 2.8-dihydroxyadeninuria disease (Figs 5.130, 5.131), These patients have adenine phospho- 
ribosyltransferase deficiency and develop recurrent nephrolithiasis 
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FIG. 5.127 Calcium oxalate. The same calcium oxalate crystals that are barely discernible in Fig. 5.126 are readily 
visible under polarized light as birefringent, polarizable, fan-shaped crystals (hematoxylin and eosin, x200) 


FIG. 5.128 Calcium oxalate. The fan- or plate shaped, birefringent crystals of calcium oxalate are readily apparent. 
(polarized hematosylin and eosin, 0) 


Etiology/Pathogenesis 
There are numerous causes of hyperoxaluria, These include ethylene glycol poisoning, excessive ingestion of 
‘oxalate-containing foods (vitamin C, cocoa, tea, rhubarb, beet greens, fruit, berries, and spinach), chronic 
intestinal disease (bariatric surgery, small bowel resections, malabsorptive states), and primary genetic 
yperosaluria Type I deficiency is the most common, is inherited as an autosomal recessive disease, and 

se. Type II deficiency is very rare 
has not been defined. Renal disease 


is due to lack of hepatic microsomal alanine glyoxylate aminotransferas 
to a defect in hydroxypyruvate metabolism ti 

is less severe than in type L Type H is due to primary intestinal hyperabsorption of oxalate and appears to 
be very rare. Treatment with pyridoxine, a cofactor for aminotransferase, has been used with some benefit 


and occurs secondar 


in primary hyperoxaluria. Recent studies have been focused on a possible benefit of probiotic therapy with 


Oxalobacter formigenes to metabolize oxalate, Kidney transplantation was not successful in early series, 


ie 
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5.131 Dihydronyadeninuria, In 28 dihydroxyadeninuria, crystals polarize in patter similar to that of calcium 
oxalate, but their distinct brown appearance visualized by hematoxylin and eosin staining (ee Fig. 5.130) allows 
distinction from calcium oxalate (hematoxylin and eosin, 1000, 


swith very low graft survival rates due to continued oxalate deposits and mobilization of tissue oxalate роо 
ry pyridoxine, 


after surgery. With aggressive supportive therapy with intensive hemodialy 
and fluid therapy, results hi 


sary to effect а cure for the underlying defect in patients with primary hyperoxaluria. 


є been better. Combined hepatic and kidney transplantation would be neces 


- Fan-shaped, polarizable, birefringent crystals 


+ Accompanying acute tubular injury or chronic tubulointerstitial fibrosis 


Key Differential Diagnosis of Oxalosi 


-dihydroxyadeninaria disease 


= Brown polarizable fan-shaped crystals consider 2, 

^o Numerous oxalate crystals— consider primary hyperoxaluria (may present in adulthood) versus 
ethylene glycol ingestion 

^ Scattered oxalate erystals—numerous causes, not distinguishable morphologically 
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CHAPTERS TUBULOINTERSTITIAL DISEASES 


URATE NEPHROPATHY. 


‘There are three different types of urate nephropathy: acute uric acid nephropathy, chronic urate 
nephropathy, and uric acid nephrolithiasis, Acute urate nephropathy is characterized by acute oli- 
guric ог anuric renal failure caused by overproduction of uric acid in patients with lymphoma, leu- 
kemia, myeloproliferative diseases, and tumor cell lysis syndrome after chemotherapy. Chronic urate 
nephropathy can occasionally be found in some patients with tophaceous gout. The combination of 
secondary focal sclerosis and urate nephropathy is highly suggestive of chronic lead poisoning. Uric 
acid nephrolithiasis is the more common complication of hyperuricemia in these patients 

Urste nephropathy may be dificult to detect because standard histologic procedures result in dis- 
solution of the intratubular deposits of urate (Fig. 5.132). Routine histology reveals distended collect- 
ing ducts, sometimes containing granular casts and focal calcification, There is interstitial fibrosis and 
foci of interstitial inflammation with occasional foreign body-type giant cells (lophus reaction). Urate 
crystals, with their characteristic needle-like configuration, can be identified if the tissue is fixed in 
alcohol instead of aqueous formalin, Nephrosclerosis is a common feature. Thus, a specifie diagnosis of 
urate nephropathy may not be made, unless specialized fixation is used to detect the crystals. 


Etiology/Pathogenesis 
‘The contribution of serum uric acid levels to chronic kidney disease, s well as the importance of urate 
‘nephropathy, has been a controversial topic. Epidemiologic studies show correlations of hyperuricemia 
with chronic kidney disease and hypertension, but it is not known in humans whether this is causal 
or merely reflects that serum uric acid may be an excellent marker for glomerular filtration. Certainly, 
direct tissue injury by urate crystals and surrounding tophus reaction contributes to tubulointerstitial 
fibrosis. Recent animal studies also have demonstrated that elevated serum uric acid can cause tubu- 
interstitial fibrosis and hypertension, 


b 


FIG. 5.132 Urate nephropathy. There is an accumulation of needle-like crystals associated with an inflammatory 
infiltrate in the interstitium typical of a gouty tophus (hematoxylin and eosin, x400). 


Selected Reading 

Gibson, T 2012. Hyperuricemia, gout and the kidney. Current Opinion in Rheumatology 242, 127-131 

Johnson, К, Kivlighn, S.D. Kim, Y.G. et al, 1999, Reappraisal of the pathogenesis and consequences of 
hyperuricemia in hypertension, cardiovascular disease, and renal disease. American Journal of Kidney 
Diseases 33, 225-234. 
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INDINAVIR NEPHROPATHY 


‘The advent of the use of HIV-1 protease inhibitors in the treatment of HIV infection has introduced a 
new entity of indinavir nephropathy. This can present clinically as acute renal failure and may be diag- 
nosed clinically by the presence of crystaluria. The crystals are needle-like and obstruct the tubules 
extensively, with surrounding inflammatory reaction (Figs. 5.133, 5.134). 


FIG. 5.133 Indinavir nephropathy. Low-power view demonstrates the needle-like crystals surrounded by the 
desquamated tubular epithelium filing the tubular lumina (hematoxylin and eosin, 200). 
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FIG. 5.134 Indinavir nephropathy. Intratubular needle-like crystals are present (hematoxylin and eosin, x200). 
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Etiology/Pathogenesis 

Indinavir is excreted in the urine. Low solubility is exacerbated by elevated pH, dehydration, high drug 
Jevels, and interactions with various other drugs. These factors then together cause crystals to form in 
the tubules, with direct tubular injury. Indinavir crystals have also been observed in biopsies of patients 
with more insidious renal insufficiency and tubulointerstitial fibrosis 


Selected Reading 

Famularo, G., Di Toro, 5, Moretti, 5, De Simane, C., 2000. Symptomatic crystalluria associated with indi- 
navir Annals of Pharmacotherapy 34, 1414-1418, 

Perazella, M.A., Kashgarian, M., Cooney, E. 1998. Indinavir nephropathy in an AIDS patient with renal 
insufficiency and pyuria Clinical Nephrology 50, 194-196. 


| Lithium Nephropathy 


Long-term treatment of patients with bipolar (manic depressive) illness has been associated with several 
different forms of renal injury secondary to lithium, the most common of which is a chronic tubuloin- 
terstitial nephritis. Lithium appears to act by accumulating in tubule cells, causing cellular injury and. 
initiating a fibrotic response, The degree of interstitial fibrosis on renal biopsy may be directly related 
to the duration and cumulative dose of lithium. The histology is generally nonspecific, but there is a 
predominance of tubular lesions with dilation of tubules in the distal segments and collecting ducts as 
well a interstitial fibrosis, Glomeruloselerosis appears to be a secondary process to the fibrotic process. 


Key Diagnostic Finding of Lithium Nephropathy 
+ Tubular dilation, interstitial fibrosis 


Note: The findings are nonspecific, and other causes of tabular dilation should be ruled out before sug- 
esting lithium nephropathy 


Selected Reading 

Hansen, Н.Е, Hestbech, J, Sorensen, LL, etal, 1979. Chronic interstitial nephropathy in patients on long- 
term lithium treatment. Quarterly Journal of Medicine 48, 577-591. 

Markowitz, GS, Radhakrishnan, J, Kambham, N.. et al, 2000. Lithium nephrotoxicity: a progressive 
combined glomerular and tubulointerstitial nephropathy. Journal of the American Society of Nephrol- 
ogy 11, 1439-1448, 


| Aristolochic Acid Nephropathy 


Chinese herbal medicines that contain aristolochic acid have been associated with acute, often near 
end-stage renal disease. A chronic interstitial nephritis located principally in the cortex is present 
‘with extensive interstitial fibrosis and tubular atrophy. Cellular infiltration of the interstitium is scarce. 
“Thickening ofthe walls of the interlobular and afferent arterioles results from endothelial cell swelling. 
"The glomeruli are relatively spared, and immune deposits are not observed. These findings suggest that 
the primary lesions may be centered in the vessel walls, thereby leading to ischemia and interstitial 
fibrosis. An extremely high incidence of cellular atypia and urothelial (transitional cell) carcinoma af 
the renal pelvis, ureter, and bladder has also been associated with aristolochic acid herbal nephropathy. 


Selected Reading 
Depiereux, M., Van Damme, B, Vanden Houte, K eal, 1994. Pathologic aspects ofa newly described ne- 
phropatby related to the prolonged use of Chinese herbs American Journal of Kidney Diseases 24, 172-180. 


‘Yang. CS, Lin, CH., Chang. S.H.. et al, 2000. Rapidly progressive fbrosing interstitial nephritis associated 
With Chinese herbal drugs. American Journal of Kidney Diseases 35, 330-332. 
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|| introduction 


Chronic kidney disease (CKD) is a worldwide public health problem affecting approximately 10-13% 
of the population in developed countries, where diabetes mellitus and hypertension are the leading 
causes of CKD. In developing countries, the percentage of patients with CKD devoid of diabetes or 
hypertension is considerably higher than in developed countries, The higher proportion of CKD in 
these countries could be a result of unrecognized endemic nephropathies localized to specifie geo- 
graphic locations related to environmental factors such as local toxins in food or drinking water An 
carly recognized example was the finding of an increased incidence of interstitial nephritis with papil- 
lary necrosis among workers in the fine-watch industry who ingested excess amounts of phenacetin- 
containing analgesics in their workplaces. Balkan endemic nephropathy was recognized for many 
years as a geographically localized entity often associated with urothelial carcinoma. A wide variety 
of etiologies, including heavy metals, viruses, and fungal toxins, was postulated. Arstolochic acid was 
implicated as the etiologic agent in so-called Chinese herb nephropathy and more recently as the caus- 
ative agent in Balkan nephropathy. Ochratoxins can enter the food chain in the meat of animals fed 
improperly stored grain, and in Tunisia this has been associated with а chronic interstitial nephropathy 
of unknown cause. In Sri Lanka, a CKD of unknown etiology has been linked to drinking hard water 
from shallow wells containing polyvalent metallic cations and possibly contaminated with agricultural 
chemicals, including the herbicide glyphosate. It has recently been recognized that there is a high 
prevalence of CKD in male agricultural workers in Central America, where it has been suggested that 
severe cyclic dehydration and salt depletion in the hot environment are the major risk factors, 


Selected Reading 
Wernerson, A., Wilksróm, J, Elinder; C.G. 2014. Update оп endemic nephropathies, Current Opinion in 
Nephrology and Hypertension 23, 232-238, 
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Aristolochic Acid Nephropathy (Chinese Herb Nephropathy, 
Balkan Endemic Nephropathy) 


Chinese herbal medicines that contain aristolochic acid have been associated with acute, often near 
end-stage renal disease. A chronic interstitial nephritis located principally in the cortex is present with 
extensive interstitial fibrosis and tubular atrophy. Cellular infiltration of the interstitium is variable 
(Figs. 6.1, 62). Thickening of the walls of the interlobular and afferent arterioles results from endo- 
thelial cell swelling. The glomeruli are relatively spared, and immune deposits аге not observed. These. 
findings suggest that the primary lesions may be centered in the vessel walls, thereby leading to isch- 
emia and interstitial fibrosis. An extremely high incidence of cellular atypia and urothelial carcinoma 
of the renal pelvis, ureter, and bladder has also been associated with aristolochic acid herbal nephropa- 
thy. The renal pathology of patients with Balkan nephropathy who also have а high incidence of nro- 
thelial carcinoma is essentially identical to the findings of Chinese herbal nephropathy, suggesting a 
common etiology. Previous studies from the endemic areas of Balkan nephropathy had shown that 
plants containing aristolochic acid were growing in wheat fields and that the plant seeds contaminated 
the wheat flour harvested in those areas, and it is now generally accepted that aristolochic acid is the 
likely causative agent. 


FIG. 6.1 Aristolochic acid nephropathy. There is diffuse acellular interstitial scarring. The interstitial 
collagen is edematous and appears loose. The tubules show tubular epithelial damage with flattening 
fof the endothelium, detachment from the basement membranes, apoptosis, and anoikis (periodic 
аса н, 200). 
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FIG. 62 Aristolochic acid nephropathy. Silver stains show collapse of tubules with wrinkling of the 
basement membrane surrounded by loose connective tissue (Jones, x200). 
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| Other Endemic Fibrosing Nephropathies 


OCHRATOXIN NEPHROPATHY 


In Tunisia, a chronic interstitial nephropathy of unknown cause with many similarities to Balkan endemic 
nephropathy has been described. Ochrataxins have been identified in local foods, and higher blood levels 
of the toxin have been found in patients with chronic interstitial nephritis, suggesting a potential role in 
the pathogenesis. Ochratexins have been identified as nephrotoxic in laboratory and domestic animals 
producing a nephropathy with extensive interstitial fibrosis, lending credence to this hypothesis 


CHRONIC KIDNEY DISEASE OF UNKNOWN ETIOLOGY IN SRI LANKA 


In the 1990s, a CKD of unknown etiology was identified among rice paddy farmers in the North Cen- 
tral Province of Sri Lanka and later was found in other farming areas of Sri Lanka, The renal biopsy 
findings were those of a tubulointerstitial disease suggestive of a toxic nephropathy. The etiology is 
thought to be multifactorial, including chronic exposure to heavy metals and pesticides, and compli- 
cated by exposure to high temperatures and consumption of potentially pesticide-contaminated bard 
water from shallow wells. 
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Selected Reading 

Jayasekara, K.B., Dissanayake, D.M., Sivakanesan, R., et al, 2015. Epidemiology of chronic kidney disease, 
with special emphasis on chronic kidney disease of uncertain etiology in the north central region of 
Sri Lanka. Journal of Epidemiology 25, 275-280, 


MESOAMERICAN NEPHROPATHY 


Mesoamerican nephropathy is a recently described endemic form of progressive CKD of unknown 


etiology primarily affecting young male agricultural workers along the Pacific coast of Central 
America. The affected individuals present with various degrees of CKD but usually are normotensive 
and have no hematuria, and proteinuria is absent or of non-nephrotic range. No significant evidence 
supports the possibility that exposure to agrochemicals, pesticides, heavy metals, ог locally occurring. 
infections are causative. Histopathological features are incompletely characterized. A mixed picture 
‘of glomerular damage and chronic, nonspecific tubulointerstitial changes is evident (Fi. 6.3). Esten 
sive glomerulosclerosis with signs of glomerular ischemia unaccompanied by major vascular changes 
(Pig. 64), endothelial or mesangial abnormalities, ог immune deposits distinguishes this entity from. 
other endemic nephropathies. Nonspecific tubulointerstitial changes include mild to moderate tubular 
atrophy and interstitial fibrosis. The most interesting hypothesis is that heat and cyclic dehydration 
associated with volume depletion may cause direct tubular injury by activation of the polyol pathway, 
resulting in increased intracellular sorbitol and fructose levels. 


FIG. 63 Mesoamerican nephropathy. Low-power view showing good preservation of overall 
architecture with no significant glomerular changes, except for a single, globally sclerotic glomerulus. 
The tubules show injury with vacuolation and swelling (silver, x100). (Courtesy Dr. Annika Ostman 
Wernerson, Karolinska University Hospital, Stockholm, Sweden) 
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FIG. 6.4 Mesoamerican nephropathy. Higher-power view shows dilated tubules with loss of the 
proximal brush border and apical blebbing. The basement membranes are wrinkled, suggesting 
Collapse (periodic acid-Schif,x200). (Courtesy Dr. Annika Ostman Wernerson, Karolinska University 
Hospital, Stockholm, Sweden) 
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APOLIPOPROTEIN L1-ASSOCIATED NEPHROPATHIES 


(Genome-wide association studies have identified risk allele variants in the apolipoprotein L1 (APOLI) 
gene associated with increased risk for some forms of CKD, including focal segmental glomeruloscle- 
rosis (FSGS), hypertension-attributed CKD, and HIV-associated nephropathy (HIVAN). These va 
ants are also associated with increased progression in patients with diabetic kidney disease. The G1 
and G2 risk allele variants, compared with GO, are markedly increased in prevalence in patients of 
black West African ancestry, most notably in the Nigerian Igbo and Yoruba tribes. These regions also 
have an overwhelmingly high prevalence of nondiabetic CKD and hypertension-associted CKD. In 
various regions of sub-Saharan Africa, from 5% to 50% of the population have risk allele variants for 
 APOLI, More than half of African Americans have at least one risk allele. The frequency of high-risk 
allele variants is even higher in African Americans with FSGS and HIVAN and in African Americans 
with hypertension-attributed end-stage kidney disease (ESKD), 72% and 44%, respectively compared 
‘with 12% to 14% in healthy control subjects. HIV infection has the highest odds ratio of CKD linked 
10 APOLI genotype. Patients with untreated HIV infection and two risk alleles have a greater than 50% 
lifetime risk of kidney disease, compared with less than 10% in non-HIV-infected patients with the 
same risk alleles. Of note, Ethiopian patients show near absence of APOL- risk allele variants, as well 
as absence of HIVAN, although HIV infection is present. 
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Dummer et al. calculated, on the basis of US. Renal Data System data, lifetime risks of 11% for 
hhypertension-attibuted ESKD and 4.25% for FSGS in those with two risk allele variants, with a com- 
bined risk of about 15% for these two APOL I-associated diseases. This is in contrast to alow incidence 
of CKD and a low prevalence of risk alleles in Ethiopians living n Ethiopia and in the Ethiopian Jewish 
population in Israel. The odds ratios of these APOLI risk allele variant-associated types of CKD are 
also remarkably high, ranging from 7 to 29, These combined observations suggest powerful selection 
pressures that could be explained by the protection against Trypanosoma brucei rhodesiense by even 
опе risk allele, due to а trypanosomalytic effect of the variant АРОН, However, risk alleles alone do 
not appear to be sufficient to induce kidney disease, and thus second hits, whether additional genetic 
modifiers, environmental factors, or infections such as HIV, might be necessary to trigger overt kidney 
disease 

‘Two United States cohorts of patients with CKD have been studied in detail for APOLI status 
and progression, The African American Study of Kidney Disease and Hypertension (ASK) included 
patients with a clinical diagnosis of hypertension-associated CKD, without clinical evidence of other 
cause for their kidney disease. Biopsies in а pilot group of patients in the AASK study indeed revealed 
arterionephrosclerotic lesions with excess solidified glomeruli (Fig. 6.5) (see Arterionephrosclerosis 
section in Chapter 4), The Chronic Renal Insufficiency Cohort study comprised another longitudinal 
CKD cohort. In both cohorts, progression with loss of glomerular filtration rate was highly associated 
with АРО risk allele variants 

Thus, the main expression of kidney disease in patients with APOLI risk allele variants is FSGS, 
HIVAN, and hypertension-attributed ESKD. The specifie morphology of each of these is described in 
disease-specific sections. 

"The pathogenesis by which APOLI risk allele variants is so strongly linked to these diseases, and 
perhaps to other kidney diseases, remains unknown. APOLI clearly is not necessary for survival—sev- 
eral mammals do not have APOLI, and humans with genetic absence of APOLI do not have a specific 
disease phenotype. Theories of mechanisms of excess CKD include changes in innate immunity and 
effects on podocyte injury and/or cell survival. Postulated second hits that trigger overt kidney disease 


FIG. 65 Apolipoprotein L1 (APOL 1}-associated nephropathy. This young adult patient had two APOLT 
risk alleles and a morphologic diagnosis of arterionephrosclerosis, an example of APOL T-attributable 
disease, with excess globally sclerosed, solidified glomeruli; patchy tubulointerstitial fibrosis; and mild 
vascular thickening Jones silver, x200). 
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in those with risk allele variants include genetic modifiers, viral infection and altered inflammatory 
response, and/or unknown environmental factors, Identification of those found to be at high risk by 
genetic screening, as well as prevention and treatment of these “second hits? is needed to decrease 
the disease burden linked to APOL? risk allele variants. Indeed, the World Health Organization has. 
recently added a new focus on chronic noncommunicable diseases with genetic susceptibility aimed 
at prevention of the environmental and other modifiable triggers of disease in these high-risk popu- 
lations. Additional kidney biopsy studies may shed further light on mechanisms of these so-called 
APOLI nephropathies. 


Selected Reading 

Dummer, PD. Limou, S, Rosenberg, A-Z. etal, 2015. APOLI kidney disease risk variants: an evolving 
landscape. Seminars in Nephrology 35, 222-236, 

Fine, DM, Wasser, WG., Estrella, MM, et al, 2012. APOLI risk variants predict histopathology and 
progression to ESRD in HIV-related kidney disease. Journal of the American Society of Nephrology 
23,343-350, 

Kasembeli, AN, Duarte, R., Ramsay, M., et al, 2015, APOL risk variants are strongly associated with 
‘HIV-associated nephropathy in black South Africans. Journal of the American Society of Nephrology 
26, 2882-2890, 

Келе анда, Е, Wasser, WC, Aviram, S, Skoreck, K., 2016. APOLI nephropathy: from gene to mecha- 
nisms of kidney injury. Nephrology Dialysis Transplantation 31, 349-358. 

Trivedi, B., 2012. Chronic disease vaccines need shot in the arm. Science 337, 147 


ааз, 


Chronic Kidney Disease 


Introduction, 457 
Age-Related Sclerosis, 459 

Glomerular Versus Tubulointerstitial Versus Vascular Disease, 460 
Segmental Glomerulosclerosis: Primary Versus Secondary, 461 


|| introduction 


Chronic or end-stage kidney disease can result from widely divergent causes, such as glomerular, 
vascular, and tubulointerstitial diseases. The use of the formulaic estimated glomerular filtration rate 
(eGFR) is now a standard practice, and this has resulted in the identification of patients at risk of end. 

stage discas early in the disease course. A chronic kidney disease staging system based on eGER is 
routinely applied. A direct correlation of eGER with the severity of interstitial fibrosis is difficult, but 
an approximation of the degree of functional impairment can often be made in an adequate sample of 
tissue. Chronic interstitial nephritis in which the histologic lesion represents interstitial fibrosis and 
tubular atrophy with litle or no significant active inflammatory infiltrate can be due to the wide vari 

ety of causes described in Chapter 5 (Figs. 7.1, 7.2). It is often difficult to identify a specifie etiologie 
agent, and although an association of a particular agent with chronic renal failure or hypertension 
suggests the possibility ofa cause-and-effect relationship, a strict relationship is often dificult to prove. 


FIG. 7.1 Chronic interstitial nephritis in end-stage kidney disease. There is diffuse interstitial scarring 
with a nonspecific mononudear infiltrate (hematoxylin and eosin, x200). 
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Even identification ofa potential suspect agent may not be sufficient evidence, because increased levels 
could be due to lack of excretion in a patient with renal insufficiency rather than indicative of increased 
exposure. Chronic interstitial nephritis is therefore often designated as idiopathic. The histologie find- 
ings consist of difuse interstitial fibrosis and tubular atrophy with a variable degree of an interstitial 
infiltrate of lymphocytes. The findings are nonspecific and are accompanied by vascular changes af 
arterial and arteriolar sclerosis (Figs. 7.3, 7.4). 


FIG. 7.2 Chronic interstitial nephritis in end-stage kidney disease. There в diffuse interstitial scarring 
and globally sclerotic glomeruli (trichrome, x200). 


FIG. 73 Interlobula artery in end-stage renal disease showing arterial sclerosis with myointimal 
proliferation and luminal narrowing (hematoxylin and eosin, x400) 


AGE-RELATED SCLEROSIS 


retraction without epithelial cell proliferation secondary to hyaline arteriolar sclerosis (hematoxylin 
and eosin, #400). 


|| Age-Related Sclero: 


Vascular sclerosis and glomerulosclerosts increase with aging in healthy populations (Fig. 7.5). 
The overall young adult US. population under age 50 years has less global glomerulosclerosis 
(1-3%) than older individuals; however, global glomerulosclerosis increases by up to 30% by age 
380 years. However, sclerosis rates vary in different populations. The native Mexican population 
bas less aortic fibroplasia and renal sclerosis at all ages than the U.S. population. Furthermore, 
renal vascular sclerosis was found to be more severe in first- and second-generation Hispanic 
immigrants than in Mexico City natives, but it was less than that in other US. residents, These 
findings support the interplay of genetic and environmental factors in the determination of vas- 
cular sclerosis. In similar morphologic studies of Bolivian Indians and elderly Japanese subjects, 
only minimal vascular sclerosis was present, even at advanced age, much less than expected in 
older U.S. residents 

Within the United States, vascular sclerosis increases even more with aging in healthy Afri- 
can Americans than in whites. These advanced vascular changes in African Americans correlated 
with higher screening clinic blood pressures versus whites as measured in a different population- 
based cohort from the same New Orleans region. However, the blood pressure differences (if indeed 
representative of the autopsied patients in that area) would not completely account for the greater 
vascular sclerosis in the African American population (see earlier). These findings suggest possible 
differences in injury set points аз well as rates and mechanisms of vascular lesions between these 
varying populations, bth in "normal" aging and in response to injury. Allele variants of the apoli- 
poprotein L1 gene (APOLI) are increased in prevalence in African Americans and in populations 
of black West African origin and are tightly associated with several forms of nondiabetic chronic 
kidney disease and also with increased progression in diabetic nephropathy (discussed in detail in 
Chapter 4). In our retrospective patient-based study of African Americans and whites, we observed 
that aging was associated with an increase of the obsolescent type of globally sclerosed glomeruli, 
bat not of the solidified type. This suggests different mechanisms leading to the varying phenotypes 
of sclerosis in different populations and may support use of different antihypertensive medications 
based on ethnicity 


FIG. 7.5 Age-related sclerosis. In aging kidneys, there is increased global sclerosis of obsolescent type, 
with patchy interstitial fibrosis and tubular atrophy with vascular sclerosis (Jones silver, 200). 
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|| Glomerular versus Tubulointerstitial Versus Vascular Disease 


Chronic or end-stage kidney disease can result from widely divergent causes, such as glomerular, vas- 
cular, and tubulointerstitial diseases (see above and also Chapter 1). 

Specific immune complex glomerular diseases are diagnosed on the basis of immunolluores- 
сепсе and electron microscopic findings, Non-immune complex glomerular sclerosing processes 
can be diagnosed when these lesions are dominant, with proportional interstitial fibrosis and vas- 
cular sclerosis, as outlined in the "Segmental Glomerulosclerosis: Primary Versus Secondary" sec- 
Чоп below. When vascular lesions dominate, as may be seen in arlerionephrosclerosis, there usually is 


‘SEGMENTAL GLOMERULOSCLEROSIS: PRIMARY VERSUS SECONDARY _ 


accompanying dominant obsolescent or solidified appearance of the glomerulosclerosis (see Chapter 4, 
Arterionephroscerasis) or disease-specific findings of, for example, malignant hypertension, scler- 
derma, or thrombotic microangiopathy (see Chapter 4). In the absence of such glomerular or vascu 

lar lesions, attention is turned to the tubules and interstitium. Chronic interstitial nephritis in which 
the histologie lesion represents interstitial fibrosis and tubular atrophy with little or no significant 
active inflammatory infiltrate can be due to the wide variety of causes described in specific sections 
їп Chapter 5. When there is disproportionate inflammatory infiltrate associated with the fibrosis, а 
diagnosis of chronic interstitial nephritis is considered and specific causes must be sought, such as 
crystals, pathogenic casts, virus, heavy metals, or even immune injury (eg, granular tubular basement. 
membrane [TBM] deposits, or anti-TBM injury). It is often dificult to identify a specific etiologic 
agent, and, although an association of a particular agent with chronic renal failure or hypertension. 
suggests the possibility of a cause-and-effect relationship, a strict relationship is often difficult to prove. 
Even identification of a potential suspect agent may not be sufficient evidence, because increased levels 
could be due to lack of excretion in a patient with renal insufficiency rather than indicative o increased 
exposure. Chronic interstitial nephritis is therefore often designated as idiopathic, The histologie ind. 

ings consist of diffuse interstitial fibrosis and tubular atrophy with a variable degree of an interstitial 
infiltrate of lymphocytes. The findings are nonspecific and are accompanied by vascular changes of 
arterial and arteriolar sclerosis 
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|| segmental Glomerulosclerosis: Primary Versus Secondary 


Focal and segmental glomerulosclerosis (FSGS) is a common endpoint in a variety of settings, includ- 
ing idiopathic FSGS, or in scarring secondary to other glomerular disease or systemic abnormali- 
ties, such as immune complex-mediated injury, hypertension, obesity, diabetes, reflux nephropathy, 
chronic interstitial nephritis, and HIV infection. These different etiologies cont 
clinical outcomes and morphologic appearances of histologie focal sclerosis. The diagnosis and dis- 
tinction of variants of primary FSGS are discussed in Chapter 5. Here an approach to distinction of 
secondary causes of FSGS lesions from primary FSGS is considered. 

Secondary sclerosis may occur as а superimposed, nonspecific scarring lesion in many immune 
complex diseases. Immune complex entities underlying FSGS lesions can easily be differentiated from 
primary FSGS by full examination with immunofluorescence and electron microscopy using diag 


jute to the diverse 


nostic criteria outlined in specific sections on immune complex diseases, Secondary sclerosis without 
immune deposits may be due t healed crescenti lesions or to podocyte injury. It also may be related 
to hypertension or chronic pyelonephritis, may occur in the transplant, or may result from adaptive 
processes due to loss of nephrons from another primary disease process. Pauci-immune crescentic 
glomerulonephritis can demonstrate characteristic segmental arcas of sclerosis with adhesion and 
retraction of Bowman capsule, with a “tethered” appearance; these are important clues to the past 
proliferative, destructive lesion. 

FSGS lesions with а collapsing phenotype (е, collapse of the tuft with podocyte hyperplasia) may 
result from, for example, viral infection (HIV, parvovirus B19, SV40) and drugs (heroin, pamidronate, 
calcineurin inhibitors). However, foot process effacement, visceral cell hypertrophy and hyperplasia 
may be less frequent in secondary forma than in primary FSGS, and subtotal foot process efface- 
ment favors а secondary etiology. Additional lesions, such as reticular aggregates in HIV-associated 
nephropathy, immunostaining positivity for parvovirus, and other features of calcineurin inhibitor 
toxicity, may all aid in distinction from primary FSGS lesions. 


CHAPTER 7 CHRONIC KIDNEY DISEASE 


Lesions of segmental sclerosis in the renal transplant may be due to recurrence of primary FSGS 
(see FSGS in Chapter 3 and Chapter 8) or to injury related to chronic allograft nephropathy or chronic 
transplant glomerulopathy (see Chapter), Chronic transplant glomerulopathy demonstrates plomer- 
ular basement membrane double contour with increased lamina rara interna by electron microscopy, 
a finding not typical of recurrent idiopathic FSGS, When cyclosporine toxicity contributes to chronic 
allograft nephropathy interstitial fibrosis in a striped pattern with concentric nodular arteriolar hya- 
linosis involving the media may be present and may provide further clues for correct diagnosis. Non- 
specific secondary sclerosis may also occur in this setting, frequently with contracted, small glomeruli, 
glomerular basement membrane corrugation, periglomerular Sbrosis, and subtotal foot proces efface- 
ment, The clinical history is also important, because FSGS usually recurs in the first months after the 
transplant, whereas secondary sclerosis related to chronic allograft nephropathy and chronic trans- 
plant glomerulopathy are later events. 

FSGS can also be observed secondary to arterionephrosclerosi, Usually, sclerosis and hyalinosis 
are located at the vascular pole when sclerotic lesions are associated with arterionephrosclerosis, The 
biopsy usually shows predominance of small, shrunken, globally sclerotic glomeruli: the presence of 
periglomerular fibrosis, glomerular basement membrane corrugation, increased lucency of the lamina 
тага interna, and subtotal foot process effacement by electron microscopy: and disproportionately 
severe vascular lesions relative to sclerosis. OF course, the clinical course is crucial, with proteinuria 
developing after a long history of hypertension in this setting. 

In FSGS secondary to reflux nephropathy, there is typically glemerulomegaly: frequently with 
prominent periglomerular fibrosis and thickening of Bowman's capsule. The interstitium shows patchy, 
so-called geographical areas of fibrosis with disproportionate tubulointerstitial injury, in addition to 
the heterogeneous glomerulosclerosis. The term geographical is used to describe the jigsaw puzzle-like, 
sharply delineated patches of fibrosis alternating with intact parenchyma. 

Adaptive secondary sclerosis occurs following significant loss of nephrons, likely through struc- 
tural-functianal adaptations contributed to by a complex array of compensatory changes, including 
but not limited to altered hemodynamics, growth factors, and reactive oxygen species. These lesions 
often show a hilar-type FSGS with glomerulomegaly and limited foot process effacement. 
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Chronic Allograft 


|| introduction 


Evaluation of the renal morphology in allograft patients is used to answer two major questions. s the 
failure of the graft caused by rejection ar some other unrelated lesion? And if rejection is present, what 
immune mechanism (or mechanisms) is the cause, and is the lesion potentially reversible using avail- 
able therapeutic approaches? In the absence of evidence of rejection, it should be ascertained whether 
the graft fallure results from acute tubular injury, acute infections pyelonephritis, obstruction of the 
vasculature or urinary outflow tract, presence of recurrent or de novo glomerular disease, or toxicity 
associated with the therapeutic agents used to modulate the immune response. In assessing whether 
rejection lesions are potentially reversible, itis necessary to evaluate not only the nature ofthe rejection 
bat also the intensity and chronicity 

"The Banff working classification of renal allograft pathology, established in 1997, is an internation- 
ally agreed upon standardized classification of the morphologic changes associated with various types 
of rejection. It was updated in 2007, 2009, and 2013 to include peritubular capillaritis grading, and Cd 
scoring in the diagnosis of antibody-mediated rejection (ABMR) and the interpretation and introduc 
tion of a new scoring for interstitial scarring and tubular atrophy (Table 8.1). The newer versions of the 
Banff system were influenced by data from several clinical trials using the Banff 94 Schema and the 
results of clinical correlations of the Cooperative Clinical Trials in Transplantation (ССТТ) as well as 
the findings of the subsequent biannual Banff meetings with the more recent recognition that ABMR 
plays a significant role in both acute and chronic graft survival. Interstitial infiltration of activated 
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TABLE 8.1 | Revised (Banff 2013) Including New Classification of Antibody-Mediated 
Rejection (ABMR) in Renal Allografts 
1. Normal 
2. Acute/active antibody mediated rejection (ABMR); ай three features must be present for diagno- 
sis (see Tables 8.1A, 8.18, 8.10) 
1. Histologic evidence of acute tissue injury, including one or more of the following: 
Microvascular inflammation (glomerulitis, g»0 and/or peritubular capillaritis, pt>0) 
Intimal or transmural arteritis (v>0) 
Acute thrombotic microangiopathy, in the absence of any other cause 
‘Acute tubular injury, in the absence of any other apparent cause. 

2. Evidence of currentrecent antibody interaction with vascular endothelium, including at least 
one of the following: 

Linear CAd staining in peritubular capillaries (C442 or CAd3 by IF on frozen sections, or C4d>0 by 
IHC on paraffin sections) 

At least moderate microvascular inflammation (gepte=2) 

Increased expression of gene transcripts in the biopsy tissue indicative of endothelial injury, if 
thoroughly validated 

з. Serologic evidence of donor-specific antibodies (0545) (HLA or other antigens) 

Chronic, active ABMR: ай three features must be present for diagnosis 

1. Morphologic evidence of chronic tissue injury, including one or more of the following: 

Transplant glomerulopathy (TG) (cg>0), if no evidence of chronic thrombotic microangiopathy 

Severe peritubular capillary basement membrane multilayering (requires EM) 

Arterial intimal fibrosis of new onset, excluding other causes 

2. Evidence of currenvrecent antibody interaction with vascular endothelium, including at least 
one of the following 

Linear CAd staining in peritubular capillaries (C442 or CAd3 by IF on frozen sections, or C4d>0 by 
IHC on paraffin sections) 

At least moderate microvascular inflammation (gepte=2) 

Increased expression of gene transcripts in the biopsy tissue indicative of endothelial injury, if 
thoroughly validated 

3. Serologic evidence of DSAs (HLA or other antigens) 

Cad staining without evidence of rejection; all three features must be present for diagnosis 

1. Linear CAd staining in peritubular capillaries (CAd2 or САЗ by IF on frozen sections, or C4d>0 by 
IHC on paraffin sections) 

2. g0, ptc, сд0 (by light microscopy and by EM if available), vO; no TMA, no peritubular capillary 
basement membrane multilayering, no acute tubular injury (in the absence of another apparent. 
cause for this) 

з. No acute cell-mediated rejection (Banff 97 type 1A or greater) or borderline changes 

3. Borderline changes: "Suspicious" for acute T-cell mediated rejection (TCMR) (see Table 8.2 for scor- 

ing) may coincide with categories 2 and 5 and 6 

This category is used when no intimal arteritis is present, but there are foci of tubulitis (t1, t2, ог t3) 
with minor interstitial infiltration (0 or i1) or interstitial infiltration (i2, i3) with mild (t1) tubulitis 
4, Tell-mediated rejection (TCMR) (see Tables 8.2A, 8,28, 8.2C for scoring), may coincide with cat- 
egories 2 and 5 and 6 
‘Acute TCMR (type/grade): 
IA. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or i3) and foci 
of moderate tubulitis (t2) 
I8. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or 13) and foci 
of severe tubulitis (3) 
WA. Cases with mild-to-moderate intimal arteritis (v1) 
ИВ. Cases with severe intimal arteritis comprising >25% of the luminal area (v2) 
I. Cases with “transmural arteritis and/or arterial fibrinoid change and necrosis of medial 
smooth muscle cells with accompanying lymphocytic inflammation (v3) 
Chronic active T-cell mediated rejection 
"Chronic allograft arteriopathy” (arterial intimal fibrosis with mononuclear cell infiltration and 
formation of neointima) 


INTRODUCTION 


TABLE 8.1 | Revised (Banff 2013) Including New Classification of Antibody-Mediated 
Rejection (ABM) in Renal Allografts—cont'd 


5. Chronic interstitial fibrosis and tubular atrophy, no evidence of any specific etiology (may include 
nonspecific vascular and glomerular sclerosis, but severity graded by tubulointerstitia features) 
Grade 1. Mild interstitial fibrosis and tubular atrophy (<25% of cortical area) 

Grade 2. Moderate interstitial fibrosis and tubular atrophy (26-50% of cortical area) 
Grade 3. Severe interstitial fibrosis and tubular atrophy/loss (250% of cortical area) 

б. Other: Changes not considered to be due to rejection—acute and/or chronic (eg, hypertensive 

changes, calcineurin inhibitor toxicity, obstruction, bacterial pyelonephritis, viral infection) 


Хзетидзамиаїһе scoring stem for each aterian has been developed о produce а numerical index fr purposes of evaluation at 

желу, 

АВМ, паледа antibody-mediated rejection; єр. Banti chronic slomerulopathy score; DSA, donor-specific antibody: EM, elec 

{eon microscopy; g, Bant фет score, ALA, human leukocyte antigen; IF, Immunolluorescence, IHC enmunohistachemsty 
petal ыша. TER, T cl medate cn Ta. Hala overlaps TMA отбой microangiopathy v 


Scoring of Peritubular Capillaritis (pte) in ABMR 


pte = Inflammation in <10% of cortical pte 
ptet = Inflammation in 210% of cortical ptc 3-4 cellslumen. 

рк = Inflammation in 210% of cortical pte 5-10 cellslumen 
рї‹3 = Inflammation in 210% of cortical ptc >10 cellsylumen 


Scoring of Glomerulitis (g) in ABMR 


io inflammation 
Biz Glomarulis in <25% of glomeruli 

92 = Segmental or global glomerulitis in 25-75% of glomeruli 
93 = Mostly global glomerulitis in >75% of glomeruli 


Scoring of Cad Staining of Peritubular Capillaries in ABMR 


Саа 0 = Negative in total section of biopsy area 
Сда 1 = (Minimal) Positive in <10% of biopsy area 
Cad 2 = (Focal) Positive in 10-50% of biopsy area 
Cad 3 = (Diffuse) Positive in >50% % of biopsy area 


lymphocytes with tubulitis is characteristic of T-cell mediated cellular rejection (type 1) with intimal 
arteritis as indicative of vascular involvement, While these features are considered the main lesions 
indicative of acute cellular rejection episodes, it is naw recognized that antibody-mediated responses 
can play a significant role in rejection. Linear Cid staining of peritubular capillaries by immunofluo- 
rescence or immunohistology is characteristic of ABMR. These concepts were incorporated into the 
2013 version of the Banff classification (Table 8.1). The goal of this classification is to be able to give a 
diagnostic biopsy grading that will provide both a prognostic and a therapeutic tool (Tables ЛА 
782-44), The standardized classification also promotes international uniformity in reporting of renal 


allograft pathology and is useful to facilitate the performance of multicenter trials of new therapeutic 
modalities. 


Etiology/Pathogenesis 
The mechanisms involved in allograft rejection are complex and involve both cellular and humoral 
immunity. Efforts to reduce the immune response to alloantigens (ABH and HLA) include cross 
matching human leukocyte antigens (HLAs) as closely as possible and blocking of the presentation 
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vO = No arteritis 

МТ = Mild to moderate intimal arteritis in at least one arterial cross section 

v2 = Severe intimal arteritis with at least 25% luminal area lost in at least one arterial cross section 

v3 = Transmural arteritis andor arterial fibrinoid change and medial smooth muscle necrosis with 
lymphocytic infiltrate п vessel 


Scoring of Tubulitis ("t") Score in TCMR 


No mononuclear cells in tubules 
Foci with 1-4 cellstubular cross section (or per 10 tubular cells) 

Foci with 5-10 cells/tubular cross section. 

Foci with >10 cellstubular cross section, or the presence of at least two areas of tubular 
basement membrane destruction accompanied by 1273 inflammation and t2 tubulitis elsewhere 
in the biopsy 


TABLE 8.2C | Scoring of Interstitial Inflammation ("I") Score 
10% of biopsy area with intlammation* 
0-25% of biopsy area with inflammation 
16-50% of biopsy area with inflammation 
i3 = 550% of biopsy area with inflammation 


TABLE 8.3 | Scoring of Transplant Glomerulopathy 


20 = No glomeruli with double contours in any capillary loops by light microscopy 

ga = No double contours by light microscopy with double contours in at least 3 glomerular capillaries 
(by electron microscopy, if available) 

«gb = Double contours by light microscopy in one or more nonscleratic glomeruli (recommend 
confirmation of double contours by electron microscopy) 

«92 = Double contours in 26-50% of loops by light microscopy in most affected glomeruli 

са3 = Double contours in >50% of loops by light microscopy in most affected glomeruli 


TABLE 8.4 | Grading of Chronic Interstitial Fibrosis and Tubular Atrophy in Chronic Allograft 
Nephropathy 


Grade 1 (IF 1 TA 1) 


interstitial fibrosis and tubular atrophy in <25% of cortical area 
ıterstitial fibrosis and tubular atrophy in 25-50% of cortical area 
tersttial fibrosis and tubular atrophy in >50% of cortical area 


and recognition of these antigens. In addition, protocols have been developed for preparing patients 
for ABO-incompatible transplantation, The status of the graft at time of transplant is alo important 
because outcomes are poorer with prolonged cold ischemia times 


| Evaluation of Donor Kidneys 


There is a significant gap between the need for renal transplants and the availability of donor kidneys 
"This shortage has led to the expansion of the acceptance criteria for deceased and living kidney organ 


ANTIBODY-MEDIATED REJECTION _ ES 


donors. Extended criteria donors (ECD) include those aged 60 years or older, or over 50 years with at 
least two of the following conditions: history of hypertension, serum creatinine >1.5 mg/dL, or death 
from a cerebrovascular accident. Frozen section biopsy of the kidney at the time of procurement has 
become a routine procedure for the assessment of the degree of glomerular sclerosis, the severity of 
interstitial fibrosis and tubular atrophy, and the degree of arterial and arteriolar sclerosis and hyalino- 
sis А wedge biopsy is usually performed, but some centers use needle Море to obtain better sam- 
pling of larger vessels. These biopsies are also useful in evaluating the degree of acute tubular epithelial 
injury and the potential of preexisting renal disease. Of note, mild acute tubular injury cannot be reli- 
ably ascertained on frozen sections due to inherent frozen section artifact, Each regional organ bank 
bhas a standard protocol for reporting the findings. 


|| Antibody-Mediated Rejection 


‘This category is divided into immediate (hyperacute) and delayed (accelerated acute), Hyperacute rejec- 
tion refers to allograft failure that occurs within minutes or hours after transplantation, It is thought 
to be the result of preexisting circulating antibodies of the recipient that are directed against alloanti- 
gens including donor-specific HLA class 1, ABH antigens or other auto-antigens present in the grafted 
endothelium. This is rarely encountered in today’s practice as the result of prescreening and matching 
of donor with recipient. Presensitizatian of the recipient is often related to previous pregnancies, blood 
transfusions, or other previous antigenic stimuli, However, hyperacute rejections may also be related to 
endothelial damage that is not immunologie in nature, such as for instance donor origin disseminated 
intravascular coagulation (DIC). A separate form of acute graft failure that is not immunologic has been. 
termed acute imminent transplant nephropathy and has been related to injury occurring in the graft dur- 
ing the preservation phase, Acute АВМ refers to situations where graft loss occurs due to the develop- 
ment of antidanor-specifc antibodies 

Morphologically, acute ABMR shows microvascular inflammation involving the glomerular capil- 
laries and peritubular venules, occasionally with fibrin thrombi mimicking a thrombotic microangi- 
‘pathy (Fig. 8.1). The vascular thrombosis is associated with infarction and tubular necrosis. There is 
prominent leukocyte infiltration, with frequent polymorphonuclear leukocytes, in peritubular capil- 
laries, Immunofluorescence may show linear staining for immunoglobulins along the capillary walls of 
the peritubular capillaries, but this is not a constant finding and only prominent C4d staining (involv 
ingat least 10% of peritubular capillaries by frozen tissue imsmunofluorescence) is considered diagnos- 
tie of acute ABMR. Electron microscopy demonstrates platelets, fibrin-sludged red blood cells, and 
necrosis of glomerular capillaries and other vaseular structures, 

"The current additions to the Вап 97 classification expanded Category 2 with more detailed crite 
ria for acute and chronic active ABMR. It takes into account that ABMR is being recognized more fre- 
quently and is not limited to the early posttransplant period. This, combined with the identification of 
some relatively specific markers such as peritubular capillary staining of CÁd, has given rise to a more 
precise classification The criteria for acute ABMR have three cardinal features: evidence of acute renal 
tissue injury (including tubular injury), inflammatory cells in the peritubular capillaries, or vascular 
necrosis (Fig 8.2). Immunopathologic evidence of antibody-mediated disease includes САЯ staining 
of peritubular capillaries (Fig, 8.3) of, less specifically, immunoglobulin or complement deposition in 
vessels or serologic evidence of antidonor antibodies. The current classification also recognizes that 
ABME not infrequently accompanies type I- or type П-сей mediated cellular rejection. The Вап# 2013 
revisions also recognized that САЙ could be present without morphologic evidence of rejection and 
the diagnosis of ABMR should only be made if there is both evidence of tissue damage and serologic 
evidence of donor-specific antibodies In addition, И was also recognized that ABMR could exist in the 
absence of Cd staining secondary to alloantibodies to endothelial antigens 


y Diagnosti 


+ Peritubular capillary leukocytes 
+ Сай staining of peritubular capillaries (210%) on frozen tissue 


tures of Antibody: 
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FIG. 8.1 Hyperacute rejection. The artery is occluded by a fibrin thrombus and there is evidence of 
congestion in the peritubular capillaries. Focal tubular necrosis is also seen in this silver methenamine 
Masson stain (x200) 


capillaries associated with interstitial edema. Tubulitis and an interstitial infiltrate are not present. 
These findings are typical of acute antibody mediated rejection (hematoxylin and eosin, x400) 


CHRONIC ACTIVE ANTIBODY. MEDIATED REJECTION AND TRANSPLANT GLOMERULOPATHY 


FIG. 8.3 Acute antibody-mediated rejection. Immunopathalogic evidence of antibady-mediated 
rejection is confirmed by the presence of staining for СА in peritubular capillaries, shown here by 
indirect immunofluorescence (ant СА immunotluorescence, x40). 


Chronic Active Antibody-Mediated Rejection and Transplant 
Glomerulopathy 
The halisackofchronic ABMs the glmerulr sino transplant glomerlopaiy Glomerl show 


varying degrees of lobular accentuation with 


n increase in mesangial matrix, mesangial interposition, 


and irregular thickening and double contours of basement membrane without deposits by immunaflu. 
orescence (Pigs. 8.4, 8.5). This lesion is associated with significant proteinuria. By electron microscopy 
there is separation of the endothelial cells from the basement membrar 

m 
multilayering, 27 layers, although this is not a specific finding for chronic ABMR. The exact mecha 


‘with the accumulation ofa 


ular material in the subendoth 


ial space. Peritubular capillary basement membranes also show 


nisms involved are still unknown, but humoral immunity directed against donor-specific or vascular 
sgested as a likely possibility. In addition, many factors involved with 


essive fibrosis in the mative kidney may play a role in the transplant, such 


endothelial antigens has been su 


hypertension, abnor- 


mal lipids, and reactive oxygen species, all of which can activate endothelial cells. A method of scoring 
ing in 2009, including the following modified criteria, which take into 


account the fraction of involved glomeruli (Table 8.5). 


жаз presented at the Banff met 


^ Glomerular basement membrane duplication. 
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FIG. 8.4 Acute antibody-mediated rejection. Transplant glomerulitis. Glomerulus showing lobular 
accentuation with an increase in mesangial matrix, mesangial interposition, and irregular thickening 


of basement membrane (periodi acid-Schiff, x400) 


FIG. 85 Acute antibody-mediated rejection. Transplant glomerulitis. By electron microscopy, there is 
endothelial cell swelling with separation of the endothelial cells from the basement membrane with 
the accumulation of a granular material in the subendathelal space. 

To view this electron micrograph with calor coded overlays explaining each component, please visit 


ExpertConsult cam. 


ACUTE T CELL-MEDIATED REJECTION 


Grade 1 (Early infection) 


* Viral activation in cortex and/or medulla with intranuclear inclusion bodies and/or positive immuno- 
histochemical or in situ hybridization signals with no or minimal tubular epithelial cell necrasisysis 
or inflammation. 


Grade 2 (Fully developed infection) 


* Pronounced viral activation in cortex and/or medulla with marked virally Induced tubular epithelial 
cell lysis, denudation of tubular basement membranes, and mild to marked interstitial inflammation. 


Grade 3 (Fibrosing phase) 


= Viral activation in cortex and medulla (minimal to marked) with interstitial fibrosis and tubular. 
atrophy >50% of sample with interstitial inflammation but minimal cell lysis. 


Viral Infection Gr. 


1 Acute T Cell-Mediated Rejection 


Acute rejection, despite its terminology, can occur at any time during the course of the life of the 
allograft. Itis most frequently seen daring the initial months after grafting but can also be seen later in 
graft life, particularly when disturbances of graft therapy are incurred. In the Banff classification, the 
severity is determined by the degree of tubulitis and the presence or absence of intimal arteritis, 


BORDERLINE CHANGES: "SUSPICIOUS FOR ACUTE REJECTION" 


“This category в used to describe very mild, focal interstitial inflammation involving less than 25% of the 
cortical parenchyma, No intimal arteritis is present and only mild focal mononuclear cellinfiltrates with 
rare foci of mild tubulitis defined as 1-4 mononuclear cells per tubular cross section present (Fig 8.6). 
Ongoing assessment by the Banff working groups is focused on establishing new cut-offs for borderline. 
versus acute type I rejection (see later). Some investigators have suggested that such mild persistent 
infiltrates may contribute to the progression to chronic rejection. It must be distinguished from other 
potential nonimmunologic causes of interstitial inflammation such as bacterial or viral infection, or 
even drug hypersensitivity reactions. 


FIG. 8.6 Acute rejection, Banff type borderline, suspicious for acute rejection. Changes suspicious for acute 
rejection are seen here as a minimal focal interstitial infitrate with minimal evidence of tubultis Less than 
four lymphocytes are seen in a single tubule cross section in this image (hematoxylin and eosin, x200). 
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BANFF TYPE | ACUTE REJECTION 


Туре 1 or acute interstitial cellular rejection is characterized by edema and infiltration of the inter- 
stitiam by immunoblasts, ymphocytes, plasma cells, macrophages, and a scattering of polymorpho- 
nuclear leukocytes and eosinophils. The infiltrate is generally diffuse but appears somewhat more 
concentrated around vessels and glomeruli. In type LA, greater than 25% of the parenchyma is affected, 
and foci of moderate tubulitis with more than 4 mononuclear cells per tubular cross section or group of 
10 tubular cells is considered characteristic (Fig, 8.7). In type IB, greater than 25% of the parenchyma 
is affected, and numerous foci of severe tubulitis with more than 10 mononuclear cells per tubular 
cross section or group of 10 tubular cells is considered characteristic (Pig. 8.8). Identification of the 


Acute rejection, Banff type IA. This category is defined by the presence of an interstitial 
infiltrate of lymphocytes with moderate tubulitis with greater than four mononuclear cells per tubular 
‘ross section. The interstitial infiltrate consists of lymphocytes and is patchy, involving les than 25% of 
the biopsy (hematoxylin and eosin, x400). 


FIG. 8.8 Acute rejection, Banff type IB. In this category, the interstitial infiltrate is more extensive, involving 
rester than 25% of the biopsy with numerous foc of severe tubultis with greater than 10 mononuclear 
ells per tubular ros section. The vessels show no evidence of involvement (hematoxylin and eosin, x200). 


ACUTE Т CELL-MEDIATED REJECTION 


lymphocytes in the infiltrate demonstrates a large population of T cells identifiable by the CD3 antigen 
(Fig. 89), and a greater number of cytotoxic T cells identified by the antigen CDS than helper inducer 
T cells identified by the presence of the antigen CD4. The ratio of activation antigens CDASRO and 
CDASRA is also of use in identifying the activity of the rejection, This degree of rejection generally has 
а good response to antirejection therapy: 


BANFF TYPE Il ACUTE REJECTION 


‘Type Il or acute rejection with a vascular component consists of cases with mild to moderate inti- 
mal arteritis type ПА in addition to any degree of interstitial cellular rejection, Intimal endarteritis 
is defined by endothelial swelling, intimal thickening with inflammation of the subendothelial space 
ranging from rare intimal inflammatory cells to necrosis of the endothelium with deposition of fibrin, 
platelets, and inflammatory cells (Figs. 8.10, 8.11), A recent study has demonstrated that the presence 
of endarteritis, even if an isolated finding, is an independent risk factor for graft failure. Type UB 
describes cases with intimal arteritis compromising greater than 25% of the luminal area. The cellular 
infiltrate is composed of lymphocytes and monocytes, Severity is determined by the number of vessels 
affected as well as the intensity of the individual lesions (Fig. 8.12). The finding of intimal arteritis as 
seen in these categories is often focal. Response to therapy is more variable in this group. 


BANFF TYPE Ill ACUTE REJECTION 


Grade Ш consists of severe acute vascular rejection, and often has postive САЯ in peritubular capillaries, 
indicative of an antibody-mediated component. These are cases with severe intimal arteritis and trans- 
‘mural arteritis as defined by injury and inflammation of the whole arterial wall, including the media, 
and/or necrosis of medial smooth muscles and fibrin deposition. The cellular infiltration includes 
‘mononuclear as well as polymorphonuclear leukocytes (Fig 8.13). Focal infarction and interstitial hem- 
orrhage without other obvious cause can be assumed to be associated with vascular lesions consistent 
with this degree of rejection. Rejection episodes of this severity are often associated with graft loss. 


FIG. 8:3 Acute rejection. The interstitial infiltrate consists of a mixed population of T cells. The 
large population of T cells is identifiable by the presence of the СОЗ antigen, here shown by 
immunohistochemistry (ant-C3 immunostaining, x20). 
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By s DOR 0; x 
FIG. 8:10 Acute rejection, Bant type I In addition to an interstitial infitrate with озы, there 
н evidence of vascular involvement. The artery in this low-power mage demonstrates marked 
myeintimal proliferation associated with hmphoeteinfitration underneath the endothelium 
(hematoxylin and eosin, x100). 


FIG. 8.11 Acute rejection, Banff type IA. A higher power of an artery demonstrates marked. 
endothelial cell swelling and numerous lymphocytes just beneath the endothelium. This is a mild but 
definite form of endothelial activation (hematoxylin and eosin, x400). 


ACUTE T CELL-MEDIATED REJECTION |n 


FIG. 8.12 Acute rejection, Banff type IB. Severity of type Iis determined by the number of vessels 
involved as well as the intensity of the individual lesions, In this artery there is evidence of more severe 


infiltration with lymphocytes that involves not only the endothelium but also the media. Myointimal 
proliferation is prominent (hematoxylin and eosin, x200). 


А SE i а on! 
FIG. 8.13 Acute rejection, Banff type I. This category consists of severe acute vascular rejection, which 
may be mediated in part by humoral mechanisms. Severe intimal and transmural arteritis with medial 
necrosis that typify this category are present in this artery (hematoxylin and eosin, 200). 
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| chronic Active T-Cell Mediated Rejection 


Inter: 


Chronic allograft arteriopathy, defined as arterial intimal fibrosis with mononuclear infiltration and. 
neointima formation, with evidence of chronic tissue injury is considered the hallmark for chronic T- 
‘ell mediated injury. It should be noted that chronic ABMR can cause similar vascular lesions 


Key Diagnostic Features of Acute Cellular Rejection 


БЕТ 
+ Interstitial lymphoplasmacytic inflammation 


Differential Diagnosis of Acute Cellular Rejection 


‘Acute Cellular Rejection 

‘+ Interstitial inflammation and tubulitis may he seen in numerous conditions, such as drug. 
hypersensitivity reaction, injury related to pyelonephritis, and viral infections. 

‘+ Specific studies to гше out viral infection and search for viral cytopathic change distinguish 
viral infection from acute cellular rejection. 

‘+ Numerous eosinophils and nonnecrotizing granulomas suggest hypersensitivity reaction, 
although eosinophils may be part of eosinophil-rich acute cellular rejection. 

^ Eosinophilic tubulitis may be more common with hypersensitivity reaction. 


Acute Vascular Rejection 
^. Endothelialitis may very rarely be seen in other entities causing vascular injury, such as cryo- 
globulinemie glomerulonephritis in the transplant. 


ial Fibrosis and Tubular Atrophy (Chronic Allograft 


Failure, Chronic Allograft Nephropathy) 


In 2005, the Banff Conference eliminated the term chronic allograft nephropathy: This was because this 
was a generic term, summarizing all disease processes including hypertension, hyperlipidemia, and 
viral infection that can be associated with chronic allograft failure. It had become an entity explain- 

ing kidney allograft failures regardless of the etiology. Since Banff 2013, pathologists have been urged 
to assign a specifie assessment of the degree of interstitial fibrosis and tubular atrophy (the so-called 
IE/TA score) without the use of a specific term to reflect the final common pathway to graft failure. 
regardless ofthe specific etiology leading to chronic tubulointerstitial damage. The score is useful as an 
indicator of continued graft viability. 

Chronic allograft failure occurs anywhere from several months to several years after transplan- 
lation. Clinically, it is associated with a slow and gradual decrease in renal fonction in contrast to 
the more acute explosive loss of renal function seen in acute rejection. Microscopically, the pic 
ture is similar to that of nephrosclerosis (Fig, 8.14). There is arterial and arteriolar narrowing of 
the interlobular, arcuate and radial arteries by myointimal proliferation and medial hypertrophy 
(Fig. 8.15). The vascular lesions are associated with a diffuse interstitial fbrosis and tubular atrophy. 
The glomerular lesions of chronic allograft failure consist of ischemic glomerular capillary collapse, 
thickening of the capillary walls, and segmental and global sclerosis (Fig. 8.16). Chronic changes 
designated as ПРУТА are now graded as mild, moderate, and severe in the Banff schema. Interstitial 
fibrosis and tubular atrophy are independently graded depending on the amount of cortical arca that 
is involved. However, this designation does not include the chronic lesions affecting the vasculature, 
‘which should then be scored separately. The Banff conference in 2009 further attacked the ques 
tions of the nature of fibrosis and the reproducibility of its assessment. The discussion included the 
type of stain used and how and when morphometry should be used, It has also been suggested that 


INTERSTITIAL FIBROSIS AND TUBULAR ATROPHY E 


FIG. 8.14 Chronic interstitial fibrosis and tubular atrophy IFI ТАТ. There is focal interstitial scaring 
associated with minimal tubular atrophy occupying less than 25% of the cortex (hematoxylin and 
eosin, «100, 


FIG, 8.15 Chronic interstitial fibrosis and tubular atrophy IF 2ТА2. There are definite areas of 
interstitial scarring with prominent tubular atrophy. The staring can occupy 25-50% of the cortex 
(hematoxylin and eosin, 100) 
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FIG. 8:16 Chronic interstitial fibrosis and tubular atrophy IF 3 ТАЗ. There is diffuse interstitial scarring 
with extensive tubular atrophy and glomerular sclerosis (hematoxylin and eosin, x100). 


correlation of IF/TA score with antibody status and genomic analysis can better identify the specific 
etiology in individual patients, 


| cyclosporin/Tacrolimus Nephrotoxicity 


"The toxic effects of immunosuppressant drugs also are to be considered in the evaluation of the 
allograft biopsy. The toxic effects of calcineurin inhibitors including both cyclosporin and tacrolimus 
have fairly characteristic histologic findings Importantly, cyclosporin toxicity on a functional basis, 
that is, vasoconstriction-related, should be considered when serum creatinine has risen quickly and. 
the biopsy is morphologically normal. Characteristic ndings include tubular vacuolization, isomet- 

ric expansion of tubular epithelial cells, and evidence of microvascular damage as characterized by 
the presence of nodular hyaline sclerosis of arterioles extending to the media (Fig. 8.17). With severe 
toxic injury, arteriolar myocyte vacuolization can be seen associated with endothelial swelling, mucoid 
intimal thickening, and accumulation of proteins within the vessel wall. Chronic calcineurin inhibitor 
toxicity is manifested by the ischemic changes that accompany these vascular changes, The most char- 

acteristic is that of striped fibrosis (Fig 8). In some instances, thrombotic microangiopathic changes 
may also be seen and these must be distinguished from acute humoral rejection (Figs. 8.19, 8.20). 


Etiology/Pathogenesis 
Cyclosporin induces elaboration of several vasoconstrictor 


induding endothelin, and is also directly toxic 
to renal parenchymal cll. The striped pattern of fibrosis reflects this ischemic injury along medullary rays. 


Key Diagnostic Featur 


= Nodular hyalin extending to media of arteroles/arteries 
^ Striped interstitial fibrosis 

‘+ Thrombotic microangiopathy 

‘Note: None of these findings are pathognomonic, although the nodular arteriolar hyalinis most closely 
associated with calcineurin inhibitor toxicity. 


CYCLOSPORIN/TACROLIMUS NEPHROTOXICITY. 
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FIG. 8:19 Chronic calcineurin inhibitor toxicity is characterized by the presence of stripes of fibrosis, as 
seen here in this low-power micrograph (hematoxylin and eosin, x100). 


FIG. 820 Chronic calcineurin inhibitor toxicity. In some instances of calcineurin inhibitor toxicity, 


endothelial activation results in а thrombotic microangiopathy, seen here by the presence of 
intracapillary thrombi (hematoxylin, phloxine, and saffron, x400) 


POSTTRANSPLANT LYMPHOPROLIFERATIVE DISEASE 


|| Sirolimus (Rapamycin) Nephrotoxicity 


‘The chief advantage sirolimus has over calcineurin inhibitors is its relatively low toxicity toward kidneys. 
Although rare, some adverse effects have been attributed to its use. Nephrotic syndrome has been reported 
secondary to podocyte injury resulting in focal segmental glomeruloscerosis (FSGS) after switching immu- 
mosuppresson from calcineurin inhibitors, Delayed graft function has been observed when used in induc- 
tion therapy, with biopsies showing tubular epithelial injury with characteristic casts similar to those seen 
with myoglobin cast nephropathy. With the introduction of belatacept (a selective blocker of T-cell activa- 
tion) as an alternative to sirolimus, the incidence of drug-related toxicities has decreased 


|| Posttransplant Lymphoproliferative Disease 


Patients typically show systemic signs of hematopoietic illness when disease is more advanced, with 
hepatosplenomegaly and lymphadenopathy. However, early in the course, these findings may not be 
present. Renal biopsies show a uniform dense plasma cell infiltrate, which appears to expand between 
tubules, Cells may have an atypical immunoblastic appearance, or there may be serpiginous necrosis, 
їп which case the diagnosis of posttransplant lymphoprolferative disease (PTLD) may be obvious 
(Pigs. £21-823). More often, the findings by light microscopy are more subtle, Use of immunohis 
tochemieal staining for the presence of monoclonal B (more commonly) or T (rarely) cells in the 
infiltrate is a helpful adjunct in the evaluation of such biopsies, Of note, PTLD may also occasional be 
Polymorphic, with eligocional or even polyclonal B cell proliferation. 

If PTLD is seriously considered, the presence of Epstein-Barr virus can be determined by in situ 
hybridization. The differential diagnosis includes plasma cell-rch acute rejection. 


Etiology/Pathogenesis 
PTLD arises in the setting of abnormal T cell regulation of B cells, with the resulting PTLD most often 
being of B cell origin. Epstein-Barr virus infection is present in nearly all cases but may not be detected 
їп all cases. Some PTLD are polyclonal. Typically, the process regresses when immunosuppresson is 
decreased or removed, 


FIG. 81 Calcineurin inhibitor toxicity with thrombotic microangiopathy. There is endothelial cell 
swelling and focal denudation of the capillary basement membrane (toluidine blue, x400) 
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FIG. 8.22 Posttransplant lymphoproliferative disease. Mast transplant lymphopraliferative disorders 
may also mimic the findings of acute allograft rejection. The major difference is the absence of 
tubulitis and the presence of a space-occupying infiltrate without damage to the tubular epithelial 
cells (hematoxylin and eosin, x20). 
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FIG. 823 Posttransplant lmphoprolferative disease. In stu hybridization for Epstein-Barr virus 
confirms the presence of posttransplant ymphoproliferative disease (in situ hybridization, x200). 


Differential Diagnosis of PTLD 


= Numerous plasma cells may suggest the possibility of polyoma virus nephropathy, plasma cell- 
rich acute cellular rejection, ог posttransplant Iymphoproliferative disease. Immunostaining 
may help with this differential diagnosis 

^ The presence of viral changes suggests polyoma virus nephropathy. 

‘+ Clonal expansion of atypical B cells scrpiginous necrosis and mass effect all suggest PTLD. 

^ Epstein-Barr virus is often positive in PTLD. 


VIRAL INFECTIONS 


Selected Reading 

Hanto, D.W, 1995. Classification of Epstein-Barr virus-associated posttransplant lymphoprolifeative dis- 
eases implications for understanding their pathogenesis and developing rational treatment strategies. 
Annual Review of Medicine 46, 381-394 


|| Viral infections 


Tt must be remembered that a variety of different processes can involve the allograft other than those 
associated with an acute or chronic rejection. These processes may present as graft failure, and biopsy 
diagnosis must differentiate these disease entities from those related to rejection. An important exam- 
ple is acute bacterial infection (Fig. 8.24). This entity can be distinguished by the presence of polymor- 
phonuclear leukocytes in tubular lumens and in the interstitium (Fig. 5.25). Viral infections must also 
be considered. Cytomegalovirus, polyoma virus, and adenovirus all may infect the allograft. 

"The biopsy must be examined for the signs of viral infection, including nuclear and cytoplasmic 
{inclusions (Fig, 8.26), the presence of eytomegalic cells (Figs. 8.26-8.29), and stratification of the epi- 
thelium (Figs. 820-833). Viral infections may be particularly difficult to differentiate from acute rejec- 
tion as they are frequently associated with a lymphocytic infiltrate and significant tubulitis may be 
present. Furthermore, the cytologic features of regeneration can mimic those of viral infection. The 
presence of plasma cells also poses a diagnostic dilemma, as they can be а prominent component of the 
interstitial infiltrate in patients who have been noncompliant with their therapy. 

The principal finding associated with polyoma virus infection among renal transplant patients 
is a viral interstitial nephritis (Pig. 8.34). Intranuclear basophilic viral inclusions without a sur- 
rounding halo are present. Cytomegalovirus has both intranuclear and cytoplasmic inclusions, 
With electron microscopy (Fig, 8.35), intranuclear viral inclusions (with a particle diameter size 
of 30-50 nm) and tubular damage characterized by tubular cell necrosis, prominent lysosomal 
inclusions, and luminal cellular casts can be seen. It has been suggested that viral infection should 
be graded 1 103 

Tn grade 1 there are no characteristic ight microscopic changes but viral replication can be seen 
with staining for SV40 Т antigen. Grade 2 shows definite viral infection with numerous viral inclusions 
by light, immunostaining, and electron microscopy, and grade 3 demonstrates definite viral infection 
with evidence of fibrosis and sclerosis (Table 8.5). 


FIG. 824 Posttransplant lymphopraliferaive disease. Characteristic atypical lymphocytic infiltrate in 
the interstitium (hematoxylin and eosin, x400) 
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FIG. 825 Acute pyelonephritis. Infection of the allograft can mimic acute rejection by the presence of 
ıa diffuse interstitial infiltrate with tubulitis (hematoxylin and eosin, x100). 


FIG. 826 Acute pyelonephritis. The major distinguishing feature is the presence of polymarphonudear 
leukocytes in both the tubular lumina and in the interstitium (hematoxylin and eosin, 200) 


Although these standard histologic markers are satisfactory for current evaluation, it is anticipated 
that newer molecular biological techniques and more specific characterization of the lymphocytic 
infiltrate will aid the diagnosis and evaluation of renal allograft biopsies in the future, 


phropathy 


^ Pleomorphic interstitial infiltrate 
^ Viral cytopathic changes 
^ Positive SVA0 staining in tubular epithelial cells 


a 
F er VE 
FIG, 827 Viral infection. Graft failure may be the result of infection by viruses associated with 


Immunosuppression. They can be identified by the presence of nuclear inclusions. Epithelial necrosis 
and tubulitis may mimic acute rejection (hematoxylin and созіне x400). 


FIG, 828 Cytomegalovirus. Cytomegalovirus infection is characterized by the presence of large. 
ytomegalic cells and a homogeneous ground glas nucleus (hematoxylin and eosin, x600} 


of EART, 
ection can be confirmed by 
histochemical staining specific for the viral antigen (апе СММ, 200). 
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pet 


FIG. 830 Cytomegalovirus. Electron microscopy may also be helpful demonstrating viral particles in 
‘the nucleus (transmission electron microscopy, 16,000). 


FIG. 831 Viral infection. Polyoma virus infection characterized by stratification of irregular epithelium 
‘associated with pleomorphic nuclei with amphophili inclusions (hematoxylin and eosin, x400) 


VIRAL INFECTIONS Ede 


FIG. 8.32 Polyoma virus infection grade 2, fully developed infection. There is marked virally induced tubular 
epithelial cell узв with denudation of tubular basement membranes, and sloughing of virally infected cells 
into the tubular lumen associated with interstitial inflammation (hematoxylin and eosin, 200) 


FIG. 833 Polyoma virus infection grade 2. immunohistochemical stain for SVA antigen shows 
extensive involvement of tubular epithelium (anti-5V40, x100} 


n 


interstitial inflammation, fibrosis, and tubular atrophy. Cell sis is not prominent (hematoxylin and 
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16. 8.34 Polyoma virus infection grade 3, fibrosing phase. Marked viral activation in cortex with 


ensin, x100). 


particles (transmission electron microscopy x16,000). 


FIG. 835 Polyoma virus. Electron microscopy is also helpful by the demonstration of intranuclear viral 


lecurrent Renal Disease 


Recurrence of primary renal disease following renal transplantation is an important cause of 
allograft failure: Proper evaluation of all transplant biopsies with a complete panel of immunollu- 
orescence and electron microscopy is necessary to detect recurrent disease and to distinguish it 
from rejection or de novo disease. The incidence of recurrence of glomerulonephritis varies widely 
depending on the original glomerular disease (Table 8.6). The contribution of recurrent disease on 
allograft outcome also varies widely between different forms of glomerulonephritis. For example, 


RECURRENT RENAL DISEASE 


TABLE 8.6 | Rate of Recurrence of Renal Diseases 


Membranous nephropathy 10-40% 
FSGS 30-50% 
IgA nephropathy and HSP 960% 
MPGN 20-50% 
Dense deposit disease 80-100% 
HUS and TTP 30-100% 
SLE and APL 1-20% 
ANCA vasculitis 0-20% 
Anti-GBM disease E 
Amyloid AL 10-30% 
Amyloid AA <10% 
Diabetic nephropathy >50% 


ANCA, Rotnestophilejoplaunic autoantibody, AP, antiphospholipid antibody; FSGS, Toral segmental giomeruiosci 
fosis; GBM, glomerular basement membrane: SP, Henoch Schnlen purpura Ugh visui HUS, hemolyücuremic 
Syndrome; МАСМ, membranoprolilerative glomerulonephritis: SLE, temic lupus erythematosus TP, thrombotic 
‘hvemboeytopenic purpura: 


IgA nephropathy recurs morphologically in up to 60% of transplanted patients but is not usually 
associated with adverse effects on graft survival, unless proliferative/crescentic lesions are present, 
whereas recurrent FSGS and membranoproliferative glomerulopathies have an unfavorable progno- 
and atypical hemolytic- 
uremic syndrome often recur early after engraftment, whereas immune complex-mediated lesions 


sis. The time interval to recurrence also varies with the specific lesion. P: 


generally recur months after transplantation. Diabetic nephropathy develops at a somewhat faster 
pace in the transplant than in native kidneys, Recurrent membranous nephropathy can either be 
primary (related to autoantibodies to the M type PLA2 receptor) or secondary, and must be distin- 
guished from a de novo disease. De novo membranous nephropathy can develop due to ABMR, and 
is then typically PLA2 receptor negative, 
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Cystic Diseases of 
the Kidney 


Introduction, 491 

Autosomal Dominant Polycystic Kidney Disease, 491 
Autosomal Recessive Polycystic Kidney Disease, 437 
Medullary Cystic Diseases, 500 

‘Medullary Sponge Kidney, 504 

Acquired Cystic Disease, 504 

Cystic Renal Dysplasia, 505 


| introduction 


Although single simple cysts of the kidney are relatively common and have little clinical implica- 
tion, there is а group of hereditary cystic diseases that are of importance because of their con- 
tribution to the development of end-stage renal disease, Each of the diseases has its awn genetic 
abnormality, and each has its own characteristic clinical presentation, The exact mechanisms 
by which the genetic abnormalities result in the physiologic and pathologic abnormalities are 
still incomplet 

and according to the regions of the kidney that are involved. These classifications are listed in. 
Table 9.1. 


identified. Cystic diseases are classified according to the genetic presentation 


|| Autosomal Dominant Polycystic Kidney Disease 


Autosomal dominant polycystic kidney disease (ADPKD) affects between 1 in 500 and 1 in 1000 indi- 
viduals, and it affects both adults and children. It is found in all racial and ethnic groups and is seen 
throughout the world. It is the most common of the genetic polycystic kidney disorders. As its name 
implies, ADPKD is inherited in an autosomal dominant pattern with complete penetrance. Thus, a 
child of an affected parent has а 50% chance of inheriting the abnormal gene. About half the patients 
affected are unable to give a family history consistent with ADPKD, ADPKD was previously referred to 


TABLES 


‘Autosomal dominant polycystic kidney disease (adult) 
. Autosomal recessive polycystic kidney disease (infantile) 
Medullary cystic disease (juvenile nephronophthisis) 
Medullary cystic disease type 1 (МОСТ) 
Medullary cystic disease type 2 (uromodulin) 
 Medullary sponge kidney 
Cystic renal dysplasia. 
Acquired polycystic disease 
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as the adult form of polycystic kidney disease bec 
third or fourth decade of life. Alt 


about SUN 


se it may not become clinically apparent until the 


of gene carriers will show evidence of the disease, only 


ogress to renal failure 


ADPKD results in kidneys that are enlarged and diffusely cystic (Figs. 9.1-9.4). It is important to 
note that whereas the cysts appear to involve the entire kidney, only a portion of the total number of 


пер: 


in the kidney are cystic (Figs, 9.5-9.8). The cysts range in size from barely visible to several 
centimeters in diameter. Microdissection studies have demonstrated the cysts to be spherical dilations 
or outpouchings from existing renal tubules (Fig. 99). As the cysts enda 

detached fro 


ments remain normal; as the cysts increase in numb 


ge, they appear to become 


heir tubule of origin, In the early stages of the disease, the noncystic parenchymal ele- 


d 


ow in size, however, the residual normal 


FIG. 9.1 Autosomal dominant polycystic kidney disease. The kidneys are markedly enlarged and consist 
of numerous cystic structures bulging throughout the surface. Many of the cysts contain dark material 
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FIG. 9.5 Section of the liver from a patient with autosomal dominant polycystic kidney disease. One 
lobe of the liver demonstrates numerous noncommunicating cysts. 


FIG. 96 Autosomal dominant polycystic kidney disease. Microscopic examination reveals the cysts to 
be lined by flattened epithelium and the interstitial tissue to consist predominately of fibrous tissue 
with small capillaries and atrophic tubules (hematoxylin and eosin, x400). 


AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE bee 


FIG. 8.7 Autosomal dominant polycystic kidney disease. In some areas, the cysts can be seen to 
displace normal tubular structures (hematoxylin and eosin, x200). 


FIG. 9.5 Autosomal dominant polycystic kidney disease. Only a minority of the nephrons develop cysts. 


Normal tubular structures are scattered throughout the interstitial fibrous tissue (hematoxylin and 
eosin, 200). 
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FIG. 93 Autosomal dominant polycystic kidney disease. Cysts involve both cortex and medulla and are 
seen extending into the inner medullary region (hematoxylin and eosin, 200). 


FIG. 9.10 Autosomal dominant polycystic kidney disease. The cysts initially begin as saccular 
s of the tubule that then separate from the tubule t own here in a 
microdissected specimen. 


AUTOSOMAL RECESSIVE POLYCYSTIC KIDNEY DISEASE 


tissue becomes atrophic and nonfunctional, which results in the development of end-stage renal dis- 
ease. ADPKD is a systemic disorder that can have extrarenal manifestations that include cysts in other. 
epithelial organs, such as the liver and pancreas (Fig. 9.10) Patients with ADPKD also show connec- 
tive tissue defects such as intracranial aneurysms, cardiac valve abnormalities, aortic dissections, and 
abdominal wall hernias. 


Etiology/Pathogenesis 
ADPKD is caused by genetic mutations in chromosome 16 for PKDI and chromosome 4 in PKD2. 
РЕР! and РЕР encode proteins called polyeystins. Polycystins are a family of eight transmembrane 
proteins united by sequence homology. Polycystins appear to play key roles during development. In 
mature organs, their roles in primary dlia, shear stress sensation, alteration of intracellular calcium, 
and planar cell polarity that regulates tubular diameter have been shown. ADPKD is a ciliopathy that 
arises from abnormalities in the primary cilium. Numerous mutations, including deletions, substi- 
tutions, and frame shifts, have been identified in the genes encoding rhe palyeystins, all of which, 
however, appear to diminish cellular function and alter cellular physiology and cell proliferation/cell/ 
matrix interactions, leading to cyst formation. The phenotype produced by these abnormal proteins is 
essentially identical in morphology. and the clinical presentation is similar, except that PKD2, the less 
common genotype, progresses to end-stage renal failure at a slower rate 


|| Autosomal Recessive Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease (ARPKD) is a rare disorder that occurs in 1 in 6000 
to Lin 55,000 live births. It was previously termed infantile polycystic disease because it manifests 
at birth and results in significant perinatal mortality. In approximately three-fourths of the cases, 
ARPKD results in death within a few days of birth when associated with pulmonary hypoplasia. 
Occasional patients have survived through adolescence, A diverse subset of those who survive 
the neonatal period have clinically significant congenital hepatic fibrosis, which can lead to portal 
hypertension. 


Pathology 
ARPKD affects both the kidneys and liver in approximately equal proportions. The kidneys are grossly 
enlarged and may fil the entire abdomen at the time of birth (Figs. 9.11, 9.12). They are markedly 
enlarged and demonstrate numerous elongated, fusiform, cylindrical cysts that occupy the entire kid- 
ney. The cysts are lined by a flattened cuboidal epithelium, and histochemical and specific binding 
studies have demonstrated that they appear to be dilated terminal branches of the collecting ducts. The 
kidneys in these disorders have a similar morphologic pattern (Figs. 9.13, 9.14). 


Etiology/Pathogenesis 
ARPKD is caused by a diverse group of mutations in PKHDI, and two truncating mutations are associ- 
ated with neonatal lethality. The ARPKD protein, Bbrocystin/polydactin, is localized to the cilia and/ 
or basal body and complexes with polycystin-2. The specifie fonction of fbrocystin/polyductin has not 
been fully characterized. However, numerous other proteins associated with hepatorenal ibrocystic 
diseases that overlap with ARPKD also localize to the primary cilia and/or basal body, such as ADPKD; 
nephronophibisis (NPH); and Meckel-Gruber, Joubert, Bardet-Biedl, and other ciliary chondrodys- 
plasia syndromes (see ter) 
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almost the complete abdominal cavity of а newborn infant. 
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FIG. 9.12 Autosomal recessive polycystic kidney disease. Cut surface of the kidney demonstrates that 
bath the cortex and medulla are completely replaced by a sponge-ike appearance 


FIG. 9.13 Autosomal recessive polycystic kidney disease. Microscopic examination shows the cysts to 
be elongated tubular structures, which reach from the cortical surface and extend into the medulla 
(hematoxylin and eosin, x200). 
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FIG. 9.14 Autosomal recessive polycystic kidney disease. The dilated tubular structures are separated 
by loose connective tissue with glomerular structures interspersed, 


| Medullary cystic Diseases 


Medullary cystic diseases comprise a group of several rare, distinct genetic disorders that have similar 
morphologie findings but different clinical presentations. Juvenile NPH is а heterogeneous autosomal 
recessive disorder mapped to 20 different genes that encode nephrocystins which usually present in 
childhood. NPH and associated disorders are considered as ciliopathies, as all NPH gene products are 
expressed in the primary cilia, similarly to the polycystic kidney disease proteins. NPH can occur as an 
isolated kidney disease, but approximately 15% of patients have extrarenal involvement. Itis a disorder. 
‘of the primary cilium that is present in almost all mammalian cells, thus explaining the heterogeneity 
ofthe clinical presentations, 

Uremic medullary сузне diseases (autosomal dominant tubulointerstitial kidney disease, uromod- 
ulin-associated kidney disease) are a group of autosomal dominant disorders that usually present in 
teens and adults. Medullary cystic disease type 1 has been linked to mutations in MUCI, the gene 
encoding the mucoprotein mucin 1, leading to intracellular accumulation of MUCI in distal tubules, 
Medullary cystic disease type 2 is associated with mutations in the uromodulin gene that lead to intra- 
cellular deposits of uromodulin in thick ascending limb cells. Aside from the hereditary features and 
ages of presentation, the conditions appear essentially similar morphologically. 

In longitudinal sections ofthe kidney, the cysts are present at the cortical medullary junction (Figs 
9.15-9.17). The cysts can vary in size from microscopic to 1-2 cm in diameter. The cortex is spared 
from cyst formation, but nonspecific glomerular hyalinosis and interstitial fibrosis with tubular atro- 
phy are present (Figs. 9.18-9.20). Microdissection studies have shown that the nephrons are altered 
by numerous small diverticula that are highly variable in size and involve the late distal tubule and 
collecting duct, 


MEDULLARY CYSTIC DISEASES 


1G. 9.15 Medullary cystic disease. The cortex is preserved, and the medulla appears somewhat 
unted. Cysts are present at the junction of the cortex and medulla and in this example measure up 
to 4 cm in diameter (Reference marker is 1 ст) 


9.16 Medullary cystic disease. Another example demonstrates the presence of cysts at the cortical 
med ction. In this example, cysts vary in size from less than 1 mm to more than 1 cm in 
diameter. (Reference marker В 1 cm) 
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FIG. 9.17 Medullary cystic disease. The cysts are confined to the cortical medullary junction, and the 
cortex appears atrophic (nematoxylin and eosin, x1). 


ss eS 5 i 


FIG. 9.18 Medullary cystic disease. The cyst is lined by flattened epithelium and surrounded by some 
relatively normal appearing tubular structures (hematoxylin and eosin, x200). 
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FIG. 9.19 Medullary cystic disease. The adjacent tubules show evidence of atrophy, and interstitial 
fibrosis is present. There is no significant interstitial infiltrate (hematoxylin and eosin, x100), 


FIG. 9.20 End-stage medullary cystic disease. The cortex proximal to the cysts shows marked atrophy 
with interstitial scarring and glomerulosclerosis. There is also marked hyalin and arteriolosclerosis 
(hematoxylin and eosin, 200) 
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|| Medullary Sponge Kidney 


Medullary sponge kidney is usually not recognized until later in life when secondary calcification of 

the medulla is associated with recurrent infection, The incidence of this disease is approximately 1 in 
ic bud-metanephric mes 

enchyme interface, causing distal tubular acidification defects that can account for nephrocal 


5000. Iisa developmental disorder resulting from a disruption at the ur 


The only visible abnormality in this disease is the presence of irregular enlargement of the medul- 
ary and inner papillary portions of the collecting duct, The 
shed to form renal calcinosis. Obstruction and infection are common secondary changes (F 


portions are often calcified and. 


‘I 


FIG. 9.21 End stage of medullary sponge kidney. The cortex i grossly atrophic, and the prominent 
finding is the presence of shortened papillae with foci of calcification. (Reference marker is cm) 
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|| Acquired Cystic Disease 


With d 
relatively long periods of dialysis develop multipl 
known as acquired cystic disease. An additional feature in acquired cystic disease is the occurrence of 


с advent of long-term renal maintenance therapy, it has been observed that individuals on 


cysts in their remnant kidneys, This phenomenon is 


renal tumors, Papillary adenocarcinomas of small size are common, and larger tumors have a definite 
propensity for metastases. 
The pathology of the kidneys is variable (Figs. 9.22, 9.25), Upon sectioning, the kidneys demon: 


strate cysts involving the cortex and medulla ofthe kidney in an irregular fashion, The cst 


rge as thos 


=n in adult polycystic kidney disease. 


ACQUIRED CYSTIC DISEASE ET 


T 


FIG. 922 Acquired cystic disease. This image shows both end-stage native kidney and transplanted 
kidney from a patient with long standing renal failure. The native kidney is atrophic and demonstrates 
acquired cystic disease involving the cortex. 


flattened epithelium (hematoxylin and eosin, x100). 


‘Tantravahi, |, Steinman, TL, 2000. Acquired cystic kidney disease. Seminars in Dialysis 13, 330-334. 
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|| cystic Renal Dysplasia 


implicates a developmental disorder that occurs duri 


the develop- 
to 1 in 4300 live births, Renal dysplasia 


and its maturation, It occurs in 1 in 


includes a spectrum of renal defe 
Dysplastie kidneys are 
tural disorganizat 


grossly deformed in an irregular fashion. Histologically, they show struc 
the renal tissues with undifferentiated epithelium, primitive ducts, aplasia 
ar hypoplasia, and possess the characteristic of having irregular cysts of varying size surrounded b 
primitive mesenchyme, which in some instances is variably differentiated (Figs. 9.24-9.29). 


Cystic renal dysplasia may be syndromal or 


syndromal and has multiple possible etiologies, all due 


to abnormal development of the kidney and urinary tract during development 


FIG. 9.24 Unilateral renal cystic dysplasia. This image shows a cystically altered kidney with multiple 
cysts proximal to the kidney. There i evidence of obstruction of the ureter The distal ureter is dilated, 
suggesting ureterovesical obstruction as well. 


CYSTIC RENAL DYSPLASIA 


6. Multicystic dysplasia. Cross-section demonstrates obstruction at the ureteral pelvic junction 
with dilation of the pelvis and multiple cysts involving the residual cortex. 
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FIG. 927 Renal dysplasia. There is immature mesenchyme in the interstitium, and cysts of varying sizes 
эге distributed randomly throughout the parenchyma. Glomeruli are seen scattered in the interstitium 
(hematoxylin and eosin, x200). 


FIG. 9.28 Renal dysplasia Loose primitive mesenchyme in the interstitium, sometimes resembling 
cartilage, is present hematoxylin and eosin, «200 


CYSTIC RENAL DYSPLASIA m 


FIG. 929 Renal dysplasia. Cysts may also involve the glomeruli, and abortive glomerular structures are. 
seen here with cystic dilation of Bowman's space (hematoxylin and eosin, 400). 
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|| introduction 


Primary neoplastic lesions of the kidney can be divided according to the age groups of affected 
patients, Renal tumors in children generally 


semble the nephrogenic tissues of embryogenesis and 
include nephroblastoma (Wilms tumor) and clear cell sarcoma. Renal cell carcinomas (RCCs) are 
the major neoplasia of the kidney in adults. They have been classified on the basis of their histologic 
appearance, but recent studies have determined that they also can be stratified according to cytoge- 
netic characteristics, as seen in the Vancouver modification of the 2004 World Health Organization 
(WHO) classification that includes several new entities. These are summarized in Table 10.1. In 
addition to the tumors involving the renal parenchyma, the collecting system is also subject to neo- 
plasias, which histologically fit into the same categories as those involving the ureters and bladder 
and are variants of urothelial (transitional cell) carcinoma. The WHO Classification of Tumors of the 
Urinary Tract has recently been updated, 


|| Renal Neoplasms 


BENIGN EPITHELIAL NEOPLASMS. 


Papillary adenomas are small (less than 1 cm in diameter) papillary epithelial proliferations with- 
ош cellular atypia (Fig. 10.1). Lesions less than 3 cm are classified as adenomas, while lesions 5 em 
ог greater have been documented to develop metastases and can be indistinguishable from papillary 
carcinomas, They are seen frequently in older patients and in patients with end-stage renal disease 
(ESRD) undergoing dialysis with acquired cystic disease. Papillary adenomas аге also found concur- 
rently with papillary RCC, suggesting that they may be precursors or part ofa continuum of progres- 
sion to malignancy. 

Renal oncocytomas are believed to arise from the intercalated cells of renal collecting tubules 
Patients are generally asymptomatic at the time of diagnosis, with their tumors discovered inciden- 
tally during investigation of hypertension, hematuria, and/or flank or abdominal pain. These tumors 
are typically well-cicumscribed and encapsulated solid tumors measuring 5-8 cm in their great- 
ей dimension. Microscopically, they are composed predominantly of round to polygonal cells with 
densely granular eosinophilic cytoplasm, round uniform nuclei with smoothly dispersed chromatin, 


E 
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TABLE 10.1 | International Society of Urological Pathology Vancouver Modification 
of World Health Organization 2004 Classification 


Renal Cell Tumors 


Papillary adenoma 
Oncocytoma 
Clear cell renal cell carcinoma 
Multlocular cystic clear cell renal cell neoplasm of low malignant potential 
Papillary renal cell carcinoma (type 1 ar уре 2) 
Chromophobe renal cell carcinoma 
Hybrid oncacytic chromophobe tumor 
Carcinoma of the collecting ducts of Bellini 
Renal medullary carcinoma 
MiT family translocation renal cell carcinoma 
Xp11 translocation renal cell carcinoma. 
(5:1) renal cell carcinoma. 
Carcinoma associated with neuroblastoma 
Mucinous tubular and spindle cell carcinoma 
Tubulogystic renal cell carcinoma 
Acquired cystic disease associated renal cell arcinoma* 
Clear cell (tubulo)papillary renal cell carcinoma" 
Hereditary leiomyomatosis renal cell carcinoma syndrome-associated renal cell carcinoma 
Metanephric Tumors. 


Metanephric adenoma 
Metanephric adenofibroma 

Metanephric adenosarcoma 

Metanephric stromal tumor. 

Mixed Mesenchymal and Epithelial Tumors 
Cystic nephroma. 

Mixed epithelial and stromal tumor. 
Nephroblastic Tumors. 


Nephrogenic rests and nephroblastomatosis 
Nephroblastoma (Wilms tumor) 
Cystic partially differentiated nephroblastoma 


and a central nucleolus embedded in а hyalinized or myxoid stroma (Figs. 102-10), Ultrastractur 
ally, tumor cells have basal lamina; rarely, intercellular or cytoplasmic lamina; and apical, short, stubby 
microvilli. The cytoplasm is closely packed with mitochondria showing lamellar or focally stacked 
cristae (see Fig. 10.1), 


RENAL CELL CARCINOMAS 


Approximately 2% of all new cancer cases worldwide originate in the kidney. RCC affects male patients 
approximately twice as often as female patients, RCC has been linked to cystic kidney disease and ESRD. 
RCCs are prevalent in individuals with von Hippel-Lindau (VHL) disease. RCCs vary widely in size, 
ranging from 1-2 em to massive tumors weighing several times the weight ofthe normal kidney. They are 
usually unilateral and unicentri. Bilaterality and multicentricity are features of hereditary carcinomas. 

RCCs are typically solid, ovulated masses that bulge into the renal parenchyma, Although they 
may appear circumscribed, they frequently infiltrate the perinephric tissues and invade the vascula 
ture, predominately the venous structures, An orange-yellow coloration is typical of the clear cell type, 
‘hich often has foci of necrosis and scattered areas of hemorrhage (Fig. 10.6). Chromopbilic tumors 
may give a more friable, crumbling appearance. 


RENAL NEOPLASMS 


FIG, 10.1 Papillary tubular adenoma, The cells are arranged in а papillary pattern in this islet of 
tumor, which has eosinophilic cytoplasm and central nuclei. Adenomas may be precursors or part ofa 
continuum of progression to malignancy (hematoxylin and eosin, x10). 


FIG. 10.2 Renal oncocytoma. The brown color is typical of the oncocytoma. The tumor also 
demonstrates a central fibrous core. 
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FIG. 10.4 Renal oncocytoma. There is a relatively even patter of cells with uniform nuclei and 
‘granular eosinophilic appearance of the cytoplasm (hematoxylin and eosin, x400). 


RENAL NEOPLASMS "m 


FIG. 10.5 Renal oncocytoma. There are abundant mitochondria, which give a granular appearance by 
light microscopy (transmission electron microscopy, 8000). 


FIG. 10,6 Renal cll carcinoma There is a lobulated yellow-orange mass with foci of hemorrhage. 
typical of clear cell renal cell carcinoma. 


Microscopically, RCCs have a great diversity of patterns, as outlined in the Vancouver modifi- 

cation of the 2004 WHO classification, which includes several new entities (Table 10.1). They may 
be diffuse, tubular, cystic, papillary, or sarcomatoid. As the kidney is derived from the mesenchyme, 
the sarcomatoid tumors have features that resemble leiomyosarcomas or Sbrosarcomas, The Fuhrman 
nuclear grade (Table 10.2) describes the degree of nuclear atypia and is used as a prognostic indicator 
Ultrastructurally, clear cell RCC contains abundant lipid and glycogen, whereas chromophobe RCC is 
characterized by the presence of abundant intracytoplasmic vesicles (Figs. 107-1022). 
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FABLE 10.2 | Fuhrman Nuclear Grade Classification for Renal Cell Carcinomas 


(Used as Prognostic Indicators) 


Grade ‘Nuclei Size and Shape. Nucleoli 

Grade? 10 um, round, uniform Inconspicuous or absent 

Grade2 15 ym, slightly irregular. Evident at x400 magnification 
Grade3 20 pm, obviously irregular Prominent at x100 magnification 
Grade 4 


20+ ym, bizarre, multilobed Heavy, clumped chromatin 


FIG. 10.7 Renal clear cell carcinoma. There is a prominent, delicate vasculature throughout the tumar 
with strands of fibrosis. The cells are clear with dark central nuclei (hematoxylin and eosin, x100). 


of the dear cells (hematoxylin and eosin, x200). 


RENAL NEOPLASMS 


FIG. 10.9 Renal clear cell carcinoma. Delicate fibrovascular stroma surrounds cells with clear cytoplasm 
and eccentric dark тиде! (hematoxylin and eosin, эй), 


FIG. 10.10 Renal dear cell carcinoma, Electron microscopy reveals cytoplasm of clear cell tumors 
containing abundant glycogen (transmission electron microscopy, x 
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FIG. 10.11 Renal clear cell carcinoma. Periphery of clear cell carcinoma demonstrates invasion of the 
perinephric adipose tissue (hematoxylin and eosin, x1 


FIG. 10.12 Renal clear cell carcinoma. Invasion of he capsule is also evident with abundant vascular 
formation (hematoxylin and eosin, x100). 


RENAL NEOPLASMS Ee 


FIG. 10.13 Renal dear cell carcinoma. The invasive component sometimes has a sarcomatous 
appearance with elongated, fibroblast-ike tumor cell with irregular hyperchromatic nuclei 
(hematoxylin and eosin, x200). 


FIG. 10.14 Type 1 papillary renal cell carcinoma, The cells are arranged in a papillary pattern with 
scant eosinophilic cytoplasm and central пие! arranged on a vascular core (hematoxylin and eosin, 
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flerevascular core with tall columnar cells with abundant eosinophilic cytoplasm, Focal calcifications 
are present (hematoxylin and eosin, x200). 


tumor cells contain basally located nuclei with voluminous clear cytoplasm (hematoxylin and eosin, 


samo. 


RENAL NEOPLASMS Е 


FIG. 10.17 Mucinous tubular and spindi cell renal cll carcinoma. Mucinous tubular epithelial cells are 
surrounded by aggregates of spindle cells (hematoxylin and eosin, 100) 


FIG. 10.18 Tubuloeysti renal cell carcinoma. The tumor consists of dilated tubular structures with 
delicate septae lined with eosinophilic cells with a "hobnail" appearance (hematoxylin and eosin, 
400). 


lrovascular stroma. The cytoplasm is prominent and has a pale staining pattern (hemato 
ensin, x100. 


FIG. 10.20 Chromophobe renal cell carcinoma. The cytoplasm of the cells contains large numbers of 
‘minute intracytoplasmic vesicles, which gives a pale reticular or flocculent appearance to the cytoplasm 
(hematoxylin and eosin, x400). 


RENAL NEOPLASMS [ee 


FIG. 1021 Hybrid oncocytic chromophobe renal cell carcinoma. There is an admixture of oncocytic 
‘tumor cells with more typical chromophobe carcinoma cells. This tumor is often associated with 17911 
tHogg-Dubé syndrome (hematoxylin and eosin, »200). 


ime ea 
FIG, 10.22 Carcinoma of the collecting ducts of Bellini. The tumor consists of complex, ductike tubular 
cells interspersed with a desmoplasti stroma (hematoxylin and eosin, x400), 
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"The College of American Pathologists has provided standards for the reporting of surgical resec- 
tions of renal tumors. These standards provide a synopsis of cancer pathology staging and prognos- 
tic and predictive parameters (Tables 10.3-10.5). The standards can be accessed on the organization 
website (ttp/wwceap.org web/oracle ebcenter/portalapp/pagehierarchy/cancer. reporting jsp) 
“They include macroscopic and microscopic grading and staging in a standard format, They also include 
а specific section for description of the pathology of the nonneoplastic kidney that should identify 
evidence of medical renal disease involvement. Glomerular, tubulointerstital, and vascular changes 
should be described and interpreted 


Etiology/Pathogenesis 

VHL disease is the most prevalent hereditary RCC syndrome, with an estimated incidence of 1 in 36,00, 
and it accounts for 1% to 2% of all АСС». VHL gene mutations or promoter hypermethylation is found. 
in almost 90% of the tumors in patients with nonfamilial RCC, Inactivation of the VHL. tumor suppres- 
sar protein by loss and/or mutation af the gene at 3p25 has been shown to play a critical role in clear cell 


TABLE 10.3 | TNM staging of renal cell carcinoma 
агу Tumor (T) 

TI Tumor <7 em in greatest dimension, limited to the kidney 

T2 Tumor >7 cm in greatest dimension, limited to the kidney 

T3 Tumor extends into major veins or perinephric tissues, but not into the ipsilateral adrenal gland 
and not beyond the Gerota fascia 

та Tumor invades beyond the Gerota fascia (including contiguous extension into the ipsilateral adre- 
nal gland) 

Regional Lymph Nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

NI Metastasis in regional lymph node(s) 


Distant Metastases (M) 


NO No distant metastasis 
М1 Distant metastasis 


TABLE 10.4 | Anatomic Stage/Prognostic Groups 


Stage Tumor Node Metastasis 
Stage! тї No мо 
Stage II m No мо 
Stage ll ur м мо 
n NO, N1 Mo 
Stage IV та Any N мо 
AnyT Any N мт 


TABLE 10.5 | Residual Tumor (R) 


Tumor remaining in a patient after therapy with curative intent (eg, surgical resection for cure) is 
categorized by a system known as R classification, shown below: 

RX Presence of residual tumor cannot be assessed 

RO No residual tumor 

RI Microscopic residual tumor 

R2 Macroscopic residual tumor 
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renal carcinoma, Inactivation of the VHL protein leads to increased accumulation of the transcription 
factor hypoxia-inducible factor НЇЕ-1а. Hyparia-inducile factor in turn drives the overexpression of 
а number of genes, including the gene encoding for vascular endothelial growth factor (VEGF), and 
‘overexpression of VEGF is a hallmark of clear cell carcinoma and is consistent with the angiogenic nature. 
of these tumors, Several other chromosomal abnormalities (17p11 Birt-Hogg-Dubé syndrome, 1p42 
hereditary leiomyomatosis RCC, 7431 hereditary papillary RCC, 1p36 succinic dehydrogenase subunit B 
RCC) have been identified in hereditary RCC and have been associated with specific tumor histologies. 

Somatic mutations of chromatin remodeling genes leading to inactivation of VHL and alterations leading 
to activation of the phosphoinositide 3-kinase/Akt/mammalian target of rapamycin (mTOR) pathway 
have alto been identified in RCC. Hepatocyte growth factor/e-Met pathway activation has been associ- 

ated with papillary RCC. These genetic findings have stimulated the development of targeted therapies 
directed against VEGE VEGF receptor, and mTOR in patients with metastatic disease In addition, there 
жа group of RCCs that are defined by a variety of chromosome translocations, which involve a break- 

point at Xp112 or 6p21 that results in the fusion of any one of a number of translocation partners with 
he TFES or TFEB transcription factor genes. They account for less than 5% of RECs 


| Nephroblastoma (Wilms Tumor) 


Nephroblastomas (Wilms tumor) comprise more than 80% of renal tumors of childhood. They are 
mostly identified in children 2-4 years of age and are often associated with congenital anomalies that 
fall into syndrome patterns, Of thes, the so-called Denys-Drash syndrome is of particular interest in 
that it is associated with the presence of focal and segmental glomeruloscleross in the nonneoplastic 
renal tissue (see Chapter 3). Nephrogenic rests and occasionally nephroblastomatosis are often pres 

entin the same kidney. Most nephroblastomas are solitary and unilateral; however, multifocal tumors. 
їп a single kidney are found in 7% of cases, and bilateral primary tumors are present in 5% of cases 
Histologically, nephroblastomas are usually triphasic, containing elements of blastema, epithelium, 
and stroma in varying proportions; however, biphasic and monophasic nephroblastomas also occur. 
"The blastema consists of sheets of small cells with inconspicuous cytoplasmic hyperchromatic nuclei 
and frequent mitotic figures, with each cell or tissue type exhibiting a variable degree of differentiation. 

"The cells may be present in a variety of patterns, sometimes showing abortive glomerulogenesis and in 
other areas showing tubular structures (Figs, 10.23-10.28). 


fe 
FIG. 10.23 Nephroblastoma (Wilms tumor) This well-circumscribed tumor has a bulging cut surface. 
anda thin fibrous pseudocapsule 
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FIG. 10.24 Nephroblastoma (Wilms tumor). Histologically, Wilms tumors are composed of various 
mixtures of primitive renal blastema, epithelium, and stroma. Blastema here appears as sheets of 
Uniform small blue cells that surround abortive tubular structures composed of epithelium and 
supported by a dense fibrovascular stroma (hematoxylin and eosin, x100). 


FIG. 10.25 Nephroblastoma (Wilms tumor). The blastema consists of randomly arranged, densely 
packed small cells with dark blue nuclei with frequent mitotic figures and a relatively inconspicuous 
cytoplasm (hematoxylin and eosin, 200) 


NEPHROBLASTOMA (WILMS TUMOR) 


FIG. 10.26 Nephroblastoma (Wilms tumor). In some areas, the blastema has a serpentine appearance 
with nephroblastoma (Wilms tumor). Abortive tubular structures with a differentiated epithelial lining 
сап be found surrounded by more primitive blastema (hematoxylin and eosin, x400). 


FIG. 10.27 Nephroblastoma (Wilms tumor) Electron micrograph demonstrates a primitive tubule 
made up of blastema epithelial cells forming a lumen (transmission electron microscopy, х2000). 


Etiology/Pathogenesis 
Nephroblastoma (Wilms tumor) is thought to be а result of abnormal proliferation of metanephrie. 
blastema, without normal differentiation into tubules and glomeruli. A number of genetic aber- 
rations have been implicated in the pathogenesis of Wilms tumor. The chromosomal deletion of 
the WT? gene, located within the short arm of chromosome 11p13, often leads to the combina- 
tion of Wilms tumor and aniridia, genitourinary malformation, and mental retardation (Le WAGR 
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FIG. 10.28 Nephroblastoma (Wilms tumor) Abortive glomerular structures can be identified within 
‘the mass of blastema. True capillary lumina are not present (hematoxylin and eosin, x400) 


syndrome), Other Wilms tumor genes include WT2 at 11p15,5, which is linked to Beckwith- Wiede 
mann syndrome, deletion of chromosome 16, and duplication of chromosome 12. Interestingly, in 
nonsyndromal Wilms tumor, the WT! gene itself is only rarely mutated; rather, there are abnormali- 
ties of imprinting that affect WTI. 


Selected Reading 

Hohenstein, P, Pritchard-Jones, K., Charlton, J, 2015. The yin and yang of kidney development and Wilms! 
tumors. Genes К Development 29, 467-482. 

Srigley, LR, Delahunt, B., Eble, LN. et al, 2013. The International Society of Urological Pathology (ISUP) 
Vancouver Classification of Renal Neoplasia. American Journal of Surgical Pathology 37, 1469-1489. 

Su, D. Singer, E.A., Srinivasan, R., 2015, Molecular pathways in renal cell carcinoma recent advances in 
genetics and molecular biology: Current Opinion in Oncology 27, 217-225. 


|| Renal Angiomyolipoma 


Renal angiomyelipoma is a benign lesion that is the most common mesenchymal tumor of the kidney. 
It consists of a mass lesion composed of varying quantities of myoid spindle cells; adipose cells; and 
thick-walled, dysmorphic blood vessels (Fig. 10.29). Most angiomyolipomas are sporadic, but they 
frequently occur in patients with tuberous sclerosis, in whom they are associated with mutations of 
the tuberous sclerosis genes TSCI and TSC2 As such, patients diagnosed with angiomyolipoma when 
they are younger than 10 years old are likely to have tuberous sclerosis. Angiomyolipomas less than 4 
em in diameter produce no symptoms and are found incidentally. Angiomyolipomas that exceed 4 cm 
in diameter are associated with symptoms or signs, which include acute or chronic abdominal or flank 
pain as well as hematuria. 


Selected Reading 
Bises, 11, Kingswood, LC. 2004. Renal angiomyolipomata Kidney International 65, 92 


UROTHELIAL (TRANSITIONAL CELL) CARCINOMA OF THE RENAL PELVIS 


FIG. 10.29 Renal angiomyolipoma. Tumor is composed of thick-walled, aterylke blood vessels 
admixed with smooth muscle cells, and often mature fat cells are interspersed (hematoxylin and eosin, 
+200), 


| Urothelial (Transitional Cell) Carcinoma of the Renal Pelvis 
Priory athe carcinoma о ће renal pelvis or preter counts foes Бап ӨК ofall nal tumors 
‘Tne ofthe per usary bach ee ia acon tae d e esac ear CET betwee 
як» 30 and ба cus Tanstional tumors ofthe renal pes and ureter arc histologically denial to 
Bladder epthlltamors. Morphological, these tumors ca be рар у or eli n configuration, 
tnd they may have associated carcinoma st (уу. 10.30, 1051) 


Etiology/Pathogenesis 

‘The surface epithelium (urothelium) that lines the mucosal surfaces of the entire urinary tract is 
exposed to potential carcinogens that may be excreted in the urine or activated in the urine by hydro- 
lysing enzymes. Environmental exposures are thought to account for mast cases of urothelial cancer. 
Cigarette smoking, phenacetin use, occupational carcinogen exposure, and endemic exposure to aris- 
tolochic acid (Balkan nephropathy) or Chinese herbs that contain aristolochic acid have all been impli- 
cated in the pathogenesis of urothelial carcinoma. Aristolochic acid undergoes metabolic activation to 
generate a carcinogen that causes mutation of the p53 gene and tumorigenesis. 


FIG. 10.30 Papillary transitional cell carcinoma of the pelvis. The appearance of the tumor is similar 
to that seen in papillary transitional cell carcinoma af the bladder. There are fibrovascular cores 
surrounded by a stratified transitional epithelium (hematoxylin and eosin, x100). 


FIG. 10.31 Papillary transitional cell carcinoma. The epithelium has pleomorphic nuclei, which vary in 
size and shape as well as in degree of differentiation (hematoxylin and eosin, x200). 


Selected Reading 
Moch, H., Humphrey, PA., Ulbright, EM, etal, 2016. WHO Classification of Tumours of the Urinary 


System and Male Genital Organs. International Agency for Research on Cancer, Lyon, France 
‘olgac, $., Mazumdar, M., Dalbagni, G. Reuter, VE. 2004, Urothelal carcinoma of the renal pelvis: a ln 
icopathologic study of 130 cases. American Journal of Surgical Pathology 28, 1545-1552. 
Patel, N.. Arya, ML, Muneer, A. et al, 2014. Molecular aspects of upper tract urothelial carcinoma. Uro- 


logic Oncology 32, 28.e11-28.e20. 
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